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(54) PYRIDINE DERIVATIVE SUBSTITUTED BY HETEROCYCLE AND FUNGICIDE CONTAINING 
THE SAME 



(57) An object of the present invention is to provide an antifungal agent which has excellent antifungal effects and 
is superior in terms of its physical properties, safety and metabolic stability. According to the present invention, there is 
disclosed a compound represented by the following formula (I), or a salt thereof: 
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wherein R 1 represents a hydrogen atom, a halogen atom, an amino group, a C^g alkyl group, a C^g alkoxy group or a 
C|_ 6 alkoxy C|_ 6 alkyl group; R 2 represents a hydrogen atom, a C^. e alkyl group, an amino group or a di C^g alkylamino 
group; one of X and Y is a nitrogen atom while the other is a nitrogen atom or an oxygen atom; ring A represents a 5- 
or 6-member heteroaryl ring or a benzene ring which may have a halogen atom, or 1 or 2 C|_ 6 alkyl groups; Z represents 
a single bond, a methylene group, an ethylene group, an oxygen atom, a sulfur atom, -CH 2 0-, -OCH 2 -, -NH-, - CH 2 NH-, 
-NHCH 2 -, -CH 2 S-, or -SCH 2 -; R 3 represents a hydrogen atom, a halogen atom, a C^_ 6 alkyl group, a C 3 . 8 cycloalkyl 
group, a C 6 _ 10 aryl group, a 5- or 6-member heteroaryl group, or 5- or 6-member non-aromatic heterocyclic group which 
may have 1 or 2 substituents; and R 4 represents a hydrogen atom or a halogen atom. 
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Description 

Field of the Invention 

[0001] The present invention relatesto heterocyclicsubstitutedpyridinederivativesandtoantifungal agents comprising 
the same. 

Description of the Related Art 

[0002] In recent years, managements of opportunistic infections have become more and more significant more than 
ever because of an increase in the number of elderly people and immunocompromised patients as a result of advanced 
chemotherapies or the like. As demonstrated by the fact that opportunistic infections are occurring one after another by 
different avirulent pathogen, it is shown that the problem of infectious disease will not ends as long as there are underlying 
diseases that diminish the immune functions of patients. Consequently, new strategies for infectious diseases control, 
including the problem of drug-resistant pathogen, will be one of the important issues in the soon-to-come aged society. 
[0003] In the field of antifungal agents, heretofore, for instance, amphotericine B which is based on a polyene skeleton, 
fluconazole, itraconazole and voriconazole which are based on an azole skeleton, or the like, have been developed for 
the treatment of deep seated mycoses. Most of pre-existing drugs already available commercially have similar mechanism 
of action, and currently, the appearance of azole-resistant fungi or the like has been problems. 
[0004] In recent years, as a 1 ,3-p-glucan synthetase inhibitor with a novel mechanism, naturally occurring compound- 
derived cyclic hexapeptides caspofungin and micafungin or the like, have been developed; however, from the fact that 
these agents only exist in injectable form, they are not yet sufficient practically as antifungal agents. 
[0005] Since there have been the situations that the pre-existing antifungal agents are insufficient for treatment of the 
deep seated mycoses, there is a demand and need for development of agents which are based on a novel mechanism 
and are of high safety. 

[0006] As the related art relevant to antifungal agents based on such a novel mechanism, Patent Documents 1 and 
2 describe pyridine derivatives which demonstrates effects against the onset, progress, and persistence of infections 
by inhibiting the expression of cell wall proteins, inhibiting the cell wall assembly and also adhesion onto cells, and 
preventing pathogens from showing pathogenicity, with the process which transports GPI (Glycosylphosphatidylinosi- 
tol)-anchored proteins to the cell wall being inhibited. 

[0007] However, groups of the compounds disclosed in Patent Document 1 have 2-benzyl pyridine moieties as the 
common structure, clearly differing structurally from compounds according to the present invention. In addition, the 
groups of the compounds disclosed in Patent Document 1 bearthe problem that, although these compounds demonstrate 
activities in vitro, they are easily metabolized inside the body. The group of compounds disclosed in Patent Document 
2 exhibits excellent antifungal activity, but the group of representative compounds has the structure represented by the 
following formula: 



A 1 = optionally substituted 3-pyridyl or quinolyl, etc. 
X 1 = -C(=0)-NH, -NH-C(=0)-, etc. 

E = furyl, thienyl, pyrrolyl, phenyl, pyridyl, tetrazolyl, thiazolyl, or pyrazolyl 

Looking only at those having pyridine ring skeletons, this group differs structurally from the compounds according to the 
present invention in that the common structure has a single ring bound via an amidemethylene linker at the pyridine ring 
3-position. 

[0008] Patent Documents 3 to 5 also provide examples of related art with structures similar to the compounds according 
to the present invention. Patent Documents 3 and 4 describe pyridine derivatives substituted by a pyrazole ring, which 
are used as glycine transporter inhibitors or 5-HT receptor ligands, while Patent Document 5 describes 5-member 
heterocyclic substituted pyridine derivatives which are used as an AGE disrupter and inhibitor. 
[0009] However, Patent Documents 3 to 5 do not disclose the compounds according to the present invention, and the 
antifungal effects of the compounds disclosed in Patent Documents 3 to 5 against Candida, Aspergillus, Cryptococcus 
and the like which are common fungi in human fungal disease are not disclosed. 
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[Patent Document 1] International Publication WO 02/04626 pamphlet 
[Patent Document 2] International Publication WO 05/033079 pamphlet 
[Patent Document 3] International Publication WO 03/031435 pamphlet 
[Patent Document 4] International Publication WO 04/089931 pamphlet 
[Patent Document 5] International Publication WO 02/085897 pamphlet 

Disclosure of Invention 

Problems to be Solved by the Invention 

[0010] It is an object of the present invention to provide an antifungal agent which has excellent antifungal action not 
found in the antifungal agents in the prior art, and which is also excellent in terms of property, safety and metabolic stability. 

Means for Solving the Problems 

[0011] As a result of exhaustive research conducted in view of the above circumstances, the present inventors have 
succeeded in synthesizing novel pyridine derivatives (hereinafter, the compounds of the present invention) represented 
by the following formula (I): 




and having a chemical structure in which a pyridine ring and a 5- or 6-member heteroaryl ring or benzene ring are joined 
with a 5-member heteroaryl methyl group as a linker, and have perfected the present invention upon discovering that 
these compounds have excellent antifungal action. 
[0012] That is, the present invention provides: 

[1] a compound represented by the following formula (I), or a salt thereof: 




wherein R 1 represents a hydrogen atom, a halogen atom, an amino group, R 11 -NH-(wherein R 11 represents a 
C^g alkyl group, a hydroxy C^g alkyl group, a C 16 alkoxy C V6 alkyl group, or a C 16 alkoxycarbonyl C 16 alkyl 
group), R 12 -(CO)-NH-(wherein R 12 represents a C,^ alkyl group or a C,^ alkoxy C,^ alkyl group), aC u alkyl 
group, a hydroxy C^g alkyl group, a cyano C^g alkyl group, a C^g alkoxy group or a C^g alkoxy C^g alkyl group; 
R 2 represents a hydrogen atom, a C^_ 6 alkyl group, an amino group or a di C.,_ 6 alkylamino group; 
one of X and Y is a nitrogen atom while the other is a nitrogen atom or an oxygen atom; 
ring A represents a 5- or 6-member heteroaryl ring or a benzene ring which may have 1 or 2 halogen atoms, 
or 1 or 2 C^g alkyl groups; 

Z represents a single bond, a methylene group, an ethylene group, an oxygen atom, a sulfur atom, -CH 2 0-, 
-OCH 2 -, -NH-, -CH 2 NH-, -NHCH 2 -, -CH 2 S-, or -SCH 2 -; 

R 3 represents a hydrogen atom, a halogen atom, a C^g alkyl group, a C 3 . 8 cycloalkyl group, a C 6 . 10 aryl group, 
a 5- or 6-member heteroaryl group, or 5- or 6- member non-aromatic heterocyclic group which may have 1 or 
2 substituents selected from substituent group a: and 
[substituent group a] 

substituent group a represents the group consisting of a halogen atom, a cyano group, a C-,_ 6 alkyl group, a 
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C^g alkoxy group, a C.,. 6 alkoxycarbonyl group, a C 3 _ 8 cycloalkyl group, a C 2 _ 6 alkenyl group and a C 2 _ 6 alkynyl 
group 

R 4 represents a hydrogen atom or a halogen atom; 

excluding compounds where all of R 1 , R 2 , and R 4 represent the hydrogen atom at the same time when Z 
represents the signle bond or R 3 represents the hydrogen atom; 

a compound represented by the following formula (I'), or a salt thereof: 



R 1 N R 2 

wherein R 1 represents a hydrogen atom, a halogen atom, an amino group, a C^g alkyl group, a C^g alkoxy 

group or a C^g alkoxy C,_ 6 alkyl group; 

R 2 represents a hydrogen atom or an amino group; 

one of X and Y is a nitrogen atom while the other is a nitrogen atom or an oxygen atom; 
ring A represents a 5- or 6-member heteroaryl ring or a benzene ring; 

Z represents a methylene group, an oxygen atom, -CH 2 0-, -OCH 2 -, -NH-, - NHCH 2 - or -CH 2 NH-; 

and R 3 represents a C^g alkyl group, a C 3 . 8 cycloalkyl group, a C 6 . 10 aryl group or a 5- or 6-member heteroaryl 

group which may have 1 or 2 substituents selected from substituent group a: 

[substituent group a] 

substituent group a represents the group consisting of a halogen atom, a C,_ 6 alkyl group, a C 16 alkoxy group, 
a C 3 . 8 cycloalkyl group, a C 2 _ 6 alkenyl group and a C 2 . 6 alkynyl group; 

[3] the compound according to item [1] or [2], or the salt thereof, wherein a partial structure represented by 
formula (II): 




is a partial structure selected from the group consisting of: 
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[4] the compound according to item [1 ] or [2], or the salt thereof, wherein one of X and Y is a nitrogen atom and 
the other is an oxygen atom; 

[5] the compound according to item [4] or the salt thereof, wherein a partial structure represented by the formula 

(II): 




(T I) 



in the compound represented by the formula (I) or the formula (I'): 




is a partial structure represented by the following formula (III): 




or a partial structure represented by the following formula (IV): 
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[6] the compound according to item [1] or [2], or the salt thereof, wherein X and Y are both nitrogen atoms; 
[7] the compound according to item [6] or the salt thereof, wherein a partial structure represented by the formula 



in the compound represented by the formula (I) or the formula (I'): 




JiX 

is a partial structure represented by the following formula (V): 



\ T «> 



or a partial structure represented by the following formula (VI): 
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[8] the compound according to any one of items [1] to [7] orthesaltthereof, wherein R 2 represents an amino group; 
[9] the compound according to item [8] or the salt thereof, wherein R 1 represents a hydrogen atom, an amino 
group or a C 16 alkoxy C 16 alkyl group; 

[10] the compound according to any one of items [1] to [7] or the salt thereof, wherein R 1 represents an amino 
5 group and R 2 represents a hydrogen atom; 

[11] the compound according to any one of items [1] to [10] or the salt thereof, wherein the ring A represents a 
pyridine ring, a benzene ring, a furan ring, a thiophene ring or a pyrrole ring; 

[1 2] the compound according to item [1 1 ] or a salt thereof, wherein ring A represents a pyridine ring or a benzene 
ring; 

io [13] the compound according to any one of items [1] to [12] or the salt thereof, wherein Z represents an oxygen 

atom, -CH 2 0- or -OCH 2 -; 

[14] a pharmaceutical composition comprising the compound according to any one of items [1] to [13] or the 
salt thereof. 

[1 5] a medicament comprising the compound according to any one of items [1 ] to 
is [13] or the salt thereof; 

[16] an antifungal agent comprising the compound according to any one of items [1] to [13] or the salt thereof, 
as an active ingredient; 

[17] a method for preventing and/or treating a fungal infection comprising administering a pharmacologically 
effective dose of the compound according to any one of items [1 ] to [1 3] or the salt thereof; 
20 [18] a use of the compound according to any one of items [1] to [13] or the salt thereof for manufacturing an 

antifungal agent. 

Advantageous Effects of the Invention 

25 [0013] The compound (I) of the present invention or a salt thereof 1) acts against the onset, development and per- 
sistence of infections by inhibitingfungal GPI biosynthesis, thereby inhibiting expression of cell wall proteins and blocking 
cell wall assembly while preventing the fungus.from attaching to cells so that the pathogen cannot become pathogenic, 
and 2) is superior in terms of physical properties, safety and metabolic stability, and is extremely useful as a preventive 
or therapeutic agent for fungal infections. 

30 

Best Mode for Carrying Out the Invention 

[0014] The present invention is explained below in more detail by reference to the symbols and the terms used herein 
being defined and the following examples. 

35 [0015] Herein, a structural formula of a compound sometimes represents a certain isomer for convenience of descrip- 
tion. However, compounds according to the present invention may include all possible isomers, such as structurally 
possible geometric isomers, optical isomers generated due to the presence of asymmetric carbons, stereoisomers, 
tautomers, and mixtures of isomers, and are not limited to formulae being used forthe convenience of description, and 
may be either one of two isomers or a mixture of both isomers. Thus, the compounds according to the present invention 

40 may be either optically active compounds having an asymmetric carbon atom in their molecules or their racemates, and 
are not restricted to either of them but include both. Furthermore, the compounds according to the present invention 
may exhibit crystalline polymorphism, but likewise are not restricted to any one of these, but may be in any one of these 
crystal forms or exist as a mixture of two or more crystal forms. The compounds according to the present invention also 
include both anhydrous and solvates such as hydrated forms. 

45 [0016] The term "C^g alkyl group" used in the present specification refers to a straight-chain or branched-chain alkyl 
group with 1 to 6 carbon atoms which is a monovalent group induced by removal of any one hydrogen atom from an 
aliphatic hydrocarbon with 1 to 6 carbon atoms. Specifically, examples of "C|. 6 alkyl group" includes a methyl group, an 
ethyl group, a n-propyl group, an isopropyl group, a n-butyl group, an isobutyl group, a sec-butyl group, a fert-butyl 
group, a n-pentyl group, an isopentyl group, a sec-pentyl group, a neopentyl group, a 1 -methylbutyl group, a 2-methylbutyl 

so group, a 1 , 1 -dimethy Ipropyl group, a 1,2-dimethylpropyl group, a n-hexyl group, an isohexyl group, a 1-methylpentyl 
group, a 2-methylpentyl group, a 3-methylpentyl group, a 1,1-dimethylbutyl group, a 1 ,2-dimethylbutyl group, a 2,2- 
dimethylbutyl group, a 1,3-dimethylbutyl group, a 2,3-dimethylbutyl group, a 3,3-dimethylbutyl group, a 1-ethylbutyl 
group, a2-ethylbutyl group, a 1 ,1 ,2,-trimethylpropyl group, a 1 ,2,2-trimethylpropyl group, a 1 -ethyl-1 -methylpropyl group, 
a 1-ethyl-2-methylpropyl group or the like, preferably a methyl group, an ethyl group, a n-propyl group, an isopropyl 

55 group, a n-butyl group, an isobutyl group, a sec-butyl group or a fert-butyl group or the like. 

[0017] The term "C 2 . 6 alkenyl group" used in the present specification refers to a straight-chain or branched-chain 
alkenyl group with 2 to 6 carbon atoms which may contain 1 or 2 double bonds. Specifically, examples of "C 2 _ 6 alkenyl 
group" include an ethenyl group, a 1-propenyl group, a 2-propenyl group, a 1-butenyl group, a 2-butenyl group, a 3- 
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butenyl group, a 2-methyl-1-propenyl group, a pentenyl group, a 3-methyl-2-butenyl group, a hexenyl group, a hexan- 
edienyl group or the like, preferably an ethenyl group, a 1-propenyl group, a 2-propenyl group, a 1 -butenyl group, a 2- 
butenyl group, a 3-butenyl group, a 2-methyl-1 -propenyl group, a 3-methyl-2-butenyl group or the like. 
[0018] The term "C 2 . 6 alkynyl group" used in the present specification refers to a straight-chain or branched-chain 

5 alkynyl chain with 2 to 6 carbon atoms which may contain 1 or 2 triple bonds. Specifically, examples of "C 2 . 6 alkynyl 
group" include an ethynyl group, a 1-propynyl group, a 2-propynyl group, a 1-butynyl group, a 2-butynyl group, a 3- 
butynyl group, a pentynyl group, a hexynyl group, a hexanediynyl group or the like, preferably an ethynyl group, a 1- 
propynyl group, a 2-propynyl group, a 1-butynyl group, a 2-butynyl group, a 3-butynyl group or the like. 
[0019] The term "C 3 . 8 cycloalkyl group" used in the present specification refers to a cyclic aliphatic hydrocarbon group 

10 with 3 to 8 carbon atoms. Specifically, examples of "C 3 . a cycloalkyl group" include a cyclopropyl group, a cyclobutyl 
group,acyclopentylgroup,acyclohexyl group, acycloheptyl group, a cyclooctyl group orthe like, preferably a cyclopropyl 
group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl group orthe like. 

[0020] The term "C^g alkoxy group" used in the present specification refers to a group in which an oxygen atom is 
bonded to terminus of the "C^g alkyl group" defined above. Specifically, examples of "C^g alkoxy group" include a 

is methoxy group, an ethoxy group, a n-propoxy group, an isopropoxy group, a n-butoxy group, an isobutoxy group, a sec- 
butoxy group, a fert-butoxy group, a n-pentyloxy group, an isopentyloxy group, a sec-pentyloxy group, a neopentyloxy 
group, a 1 -methylbutoxy group, a 2-methylbutoxy group, a 1 ,1 -dimethylpropoxy group, a 1 ,2-dimethylpropoxy group, a 
n-hexyloxy group, an isohexyloxy group, a 1 -methylpentyloxy group, a 2-methylpentyloxy group, a 3-methylpentyloxy 
group, a 1 ,1 -dimethylbutoxy group, a 1 ,2-dimethylbutoxy group, a2,2-dimethylbutoxy group, a 1 ,3-dimethylbutoxy group, 

20 a 2,3-dimethylbutoxy group, a3,3-dimethylbutoxy group, a 1-ethylbutoxy group, a 2-ethylbutoxy group, a 1 ,1 ,2-trimeth- 
ylpropoxy group, a 1 ,2,2-trimethylpropoxy group, a 1 -ethyl-1 -methylpropxy. group, a 1-ethyl-2-methylpropoxy group or 
the like, preferably a methoxy group, an ethoxy group , a n-propoxy group, an isopropoxy group, a n-butoxy group, an 
isobutoxy group, a sec-butoxy group, a fert-butoxy group orthe like. 

[0021] The term "hydroxyl C V6 alkyl group" used in the present specification refers to a group in which any of the 
25 hydrogen atoms in a "C^g alkyl group" as defined above has been replaced by a hydroxyl group. Specifically, examples 
of "hydroxyl C^g alkyl group" include a hydroxymethyl group, a 1-hydroxyethyl group, a 2-hydroxyethyl group, a 1- 
hydroxy-n-propyl group, a 2-hydroxy-n-propyl group, a 3-hydroxy-n-propyl group, a 1-hydroxy-isopropyl group, a 2- 
hydroxy-isopropyl group, a 3-hydroxy-isopropyl group, a 1 -hydroxy-fert-butyl group orthe like, preferably a hydroxymethyl 
group , a 1-hydroxyethyl group, a 2-hydroxyethyl group orthe like. 
30 [0022] The term "C^ 6 alkoxycarbonyl group" used in the present specification refers to a group in which a carbonyl 
group is bonded to terminus of the "C v6 alkoxy group" defined above. Specifically, examples of "C^g alkoxycarbonyl 
group" include a methoxycarbonyl group, an ethoxycarbonyl group, a n-propoxycarbonyl group, an isopropoxycarbonyl 
group orthe like. 

[0023] The term "C 16 alkoxycarbonyl C 16 alkyl group" used in the present specification refers to a group in which the 
35 "C^g alkyl group" defined above is bonded to terminus of the "C 16 alkoxycarbonyl group" defined above. Specifically, 
examples of the "C^g alkoxycarbonyl C^g alkyl group" include a methoxycarbonyl methyl group, a methoxycarbonyl 
ethyl group, an ethoxycarbonyl methyl group, an ethoxycarbonyl ethyl group orthe like. 

[0024] The term "C 6 . 10 aryl group" used in the present specification refers to an aromatic hydrocarbon cyclic group 
with 6 to 1 0 carbon atoms. Specifically, examples of "C 6 . 10 aryl group" include a phenyl group, a 1 -naphthyl group, a 2- 
40 naphthyl group, an indenyl group, an azulenyl group, a heptalenyl group or the like, preferably a phenyl group, a 1- 
naphthyl group, 2-naphthyl group orthe like. 

[0025] The term "C^g alkoxy C^g alkyl group" used in the present specification refers to a group in which any of the 
hydrogen atoms in a "C^g alkyl group" as defined above has been replaced by a "C^g alkoxy group" as defined above. 
Specifically, examples of "C^g alkoxy C^g alkyl group" include a methoxymethyl group, an ethoxymethyl group, a n- 
45 propoxymethyl group, a methoxyethyl group, an ethoxyethyl group orthe like. 

[0026] The term "halogen atom" used in the present specification refers a fluorine atom, a chlorine atom, a bromine 
atom or an iodine atom. 

[0027] The term "hetero atom" used in the present specification refers to a nitrogen atom, a sulfur atom or an oxygen 
atom. 

so [0028] The term "5- or 6-member heteroaryl ring" used in the present specification refers to an aromatic ring in which 
the number of atoms making up the ring is 5 or 6, and 1 or more hetero atoms are included in the atoms making up the 
ring. Specifically, examples of "5- or 6-member heteroaryl ring" include a furan ring, a thiophene ring, a pyrrole ring, a 
pyridine ring, a pyrazine ring, a pyridazine ring, a pyrimidine ring, atriazole ring (a 1,2,3-triazole ring, a 1 ,2,4-triazole 
ring, etc.), atetrazole ring (a 1H-tetrazole ring, a2H-tetrazole ring, etc.), athiazole ring, a pyrazole ring, an oxazole ring, 

55 an isoxazole ring, an isothiazole ring, an oxadiazole ring, athiadiazole ring orthe like. 

[0029] The term "5- or 6-member heteroaryl group" used in the present specification refers to a monovalent group 
induced by removing 1 hydrogen atom from any position in an aromatic ring in which the number of atoms making up 
the ring is 5 or 6 and 1 or more hetero atoms are included in the atoms making up the ring. Specifically, examples of "5- 
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or 6-member heteroaryl group" include a furyl group (a 2-furyl group or a 3-furyl group, etc.), a thienyl group (a 2-thienyl 
group or a 3-thienyl group, etc.), a pyrrolyl group (a 1-pyrrolyl group, a 2-pyrrolyl group or a 3-pyrrolylgroup, etc.), a 
pyridyl group (a 2-pyridyl group, a 3-pyridyl group, a 4-pyridyl group, etc.), a pyrazinyl group, a pyridazinyl group (a 3- 
pyridazinyl group or a 4-pyridazinyl group, etc.), a pyrimidinyl group (a 2-pyrimidinyl group, a 4-pyrimidinyl group or a 
5-pyrimidinyl group, etc.), a triazolyl froup (a 1 ,2,3-triazolyl group or a 1 ,2,4-triazolyl group, etc.), a tetrazolyl group (a 
1 H-tetrazolyl group or a 2H-tetrazolyl group, etc.), athiazolyl group (a2-thiazolyl group, a4-thiazolyl group ora5-thiazolyl 
group, etc.), a pyrazolyl group (a 3-pyrazolyl group or a 4-pyrazolyl group, etc.), an oxazolyl group (a 2-oxazolyl group, 
a 4-oxazolyl group or a 5-oxazolyl group, etc.), an isoxazolyl group (a 3-isoxazolyl group, a 4-isoxazolyl group or a 5- 
isoxazolyl group, etc.), an isothiazolyl group (a 3-isothiazolyl group, a 4-isothiazolyl group or a 5-isothiazolyl group, etc.), 
an oxadiazolyl group ,a thiadiazolyl group or the like. 

[0030] The term "5- or 6-member non-aromatic heterocyclic group" used in the present specification refers to a mono- 
valent group induced by removing 1 hydrogen atom from any position in a non-aromatic ring in which the number of 
atoms making up the ring is 5 or 6 and 1 or more hetero atoms are included in the atoms making up the ring. Specifically, 
examples of "5- or 6-member non-aromatic heterocyclic group" include a pyrrolidinyl group, a piperadinyl group, a 
piperidinyl group, a morpholinyl group, a tetrahydrofuryl group, atetrahydropyranyl group or the like. 
[0031] The term "di C^g alkylamino group" used in the present specification refers to a group in which 2 hydrogen 
atoms of the amino group are replaved with the "C^g alkyl groups" defined above being the same as or different from 
each other. Specifically, examples of the term "di G,_ 6 alkylamino group" include a N, N-dimethylamino group, a N, N- 
diethylamino group, a N, N-di-n-propylamino group, a N, N-di-isopropylamino group, a N, N-di-n-butylamino group, a N, 
N-isobutylamino group, a N, N-di-sec-butylamino group, a N, N-di-ferf-butylamino group, a N-ethyl-N-methylamino group, 
a N-n-propylamino-N-methylamino group, a N-isopropyl-N-methylamino group, a N-n-butyl-N-methylamino group, a N- 
isobutyl-N-methylamino group, a N-sec-butyl-N-methylamino group, a N-fert-butyl-N-methlamino group orthe like, pref- 
erably a N, N-dimethylamino group, a N, N-diethylamino group, N-ethyl-N-methylamino group orthe like. 
[0032] The term "may have 1 or 2 substituents" used in the specification means that there may be 1 or 2 substituents 
in any combination in sites capable of substituting. 

[0033] R 1 preferably represents a hydrogen atom, a halogen atom, an amino group, a C 16 alkyl group, a C 16 alkoxy 
group, a C^g alkylamino group, a hydroxyl Ci_ 6 alkylamino group, or a C^.g alkoxy C^g alkyl group, and more preferably 
a hydrogen atom, an amino group or a C^g alkoxy C^g alkyl group, with a methoxymethyl group being preferred as the 
C|. 6 alkoxy C^. e alkyl group. 

[0034] P? represents a hydrogen atom, an amino group ordi C^g alkylamino group, with a hydrogen atom or an amino 
group being preferred. 

[0035] One of X and Y is a nitrogen atom while the other is a nitrogen atom or an oxygen atom. 
[0036] The partial structure which contains X and Y and which is represented by formula (II) below: 



has a structure such as those shown below, preferably with the left side bound to the 3-position of a pyridine ring via a 
single bond, and the right side bound to an A ring via a methylene group: 




(I 1) 
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[0037] In the case of the partial structure of formula (III), for example, the structure of the compound of the present 
invention is shown by the following formula: 




[0038] It is preferable that one of X and Y be a nitrogen atom and the other be an oxygen atom, or that both X and Y 
be nitrogen atoms, and when one of X and Y is a nitrogen atom and the other is an oxygen atom, the partial structure 
which contains X and Y, and which is represented by the following formula (II): 




(ID 



has a structure such as that shown by formulae (III) or (IV) below, preferably with the left end bound to the 3-position of 
a pyridine ring via a single bond and the right end linked to an A ring via a methylene group: 




while if X and Y are both nitrogen atoms, the partial structure which contains X and Y, and which is represented by the 
following formula (II): 




(I I) 



has a structure such as that shown by formula (V) or (VI) below, preferably with the left end bound to the 3-position of 
a pyridine ring via a single bond and the right end bound to an A ring via a methylene group: 
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(V) 



or 




(VI) 



[0039] A ring A represents a 5- or 6-member heteroaryl ring or a benzene ring which may have a halogen atom or 1 
or 2 C|_ 6 alkyl groups, and preferably represents a pyridine ring, a benzene ring, a furan ring, a thiophene ring or a 
pyrrole ring, or more preferably a pyridine ring, a benzene ring or a thiophene ring, still more preferably a pyridine ring 
or a benzene ring. 

[0040] Z preferably represents a single bond, a methylene group, an ethylene group, an oxygen atom, a sulfur atom, 
-CH 2 0-, -OCH 2 -, -NH-, -NHCH 2 -, -CH 2 NH-, -CH 2 -S-, or-SCH 2 -. Of these a methylene group, an oxygen atom, -CH 2 0- 
or -OCH 2 - is preferred, and an oxygen atom, -CH 2 0- or -OCH 2 - is especially preferred. 

[0041] R 3 represents a hydrogen atom, halogen atom, a C-,_ 6 alkyl group, a C 3 . e cycloalkyl group, a C 6 . 10 aryl group 
or a 5- or 6-member ring heteroaryl group which may have 1 or 2 substituents each selected from substituent group a : 
[substituent group a] 

a halogen atom, a cyano group, a C^g alkyl group, a C^g alkoxy group, C^g alkoxycarbonyl group, a C 3 _ 8 cycloalkyl 
group, a C 2 . 6 alkenyl group and a C 2 . 6 alkynyl group. 

[0042] Examples of preferable groups as R 3 include a n-butyl group, acyclopropyl group, a phenyl group, afluorophenyl 
group, a furyl group, a chlorofuryl group, a methylfuryl group, a thienyl group, a bromothienyl group, a methylthienyl 
group, a pyridyl group and a methylpyridyl group, more preferably a n-butyl group, a cyclopropyl group, a phenyl group, 
a fluorophenyl group, a pyridyl group or a methylpyridyl group. 

[0043] Z and R 3 may constitute the substituent of ring A in any combination. Preferable examples of R 3 -Z- as the 
substituent of ring A constituted in this way include a phenoxy group, a benzyloxy group, a 2-fluoro-benzyloxy group, a 
3-fluoro-benzyloxy group, a 4-fluoro-benzyloxy group, a pyridin-2-yloxymethyl group, a 6-methyl-pyridin-2-yloxymethyl 
group, a pyridin-2-ylmethoxy, a 6-methyl-pyridin-2-ylmethoxy group, a 4-methyl-pyridin-2-ylmethoxy group, a butoxyme- 
thyl group and a cyclopropylmethoxy group and the like. 

[0044] Preferable examples of the compounds of the present invention include the following compounds: 

3-(3-(4-benzyloxy-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine; 

3-(3-(4-(pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine; 

3-(3-(4-(pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine; 

3-(3-(4-(4-methyl-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine; 

3-(3-(6-benzyloxy-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine; 

3-(3-(4-benzyloxy-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

3-(3-(4-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridine-2,6-diamine; 

3-(3-(4-(6-methyl-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

3-(3-(4-butoxymethyl-benzyl)-isoxazol-5-yl)-pyridin-2,6-diarnine; 

3-(3-(4-phenoxy-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

3-(3-(4-(4-methyl-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

3-(3-(6-benzyloxy-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

6-methoxymethyl-3-(3-(4-pyridin-2-yloxymethyl)-benzyl)-isoxazoi-5-yl)-pyridin-2-ylamine; 

3-(5-(4-benzyloxy-benzyl)-isoxazol-3-yl)-pyridin-2-ylamine; 

3-(5-(4-(pyridin-2-yloxymethyl)-benzyl)-isoxazol-3-yl)-pyridin-2-ylamine; 

3-(1 -(4-benzy[oxy-benzy)-1 H-pyrazol-4-yl)-pyridin-2-ylamine; 

3-(1-(4-(pyridin-2-yloxymethyl)-benzyl)-1H-pyrazol-4-yl)-pyridin-2-ylamine; 

3-(1-(4-butoxymethyl-benzyl)-1H-py/-azo/-4-y/>pyr/d/n-2-y/amfne; 

3-(1 -(4-benzyloxy-benzyl)-1 H-pyrazol-4-yl)-pyridin-2,6-diamine; 

3-(1-(4-(pyridin-2-yloxymethyl)-benzyl)-1H-pyrazol-4-yl)-pyridin-2,6-diamine; 

3-(1-(4-butoxymethyl-benzyl)-1H-pyrazol-4-yl)-pyridin-2,6-diamine; 

3-(3-(6-phenoxy-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

3-(3-(4-(5-fluoro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine; 

3-(3-(4-(4-methyl-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine; 

3-(3-(4-(6-fluoro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine; 

3-(3-(4-(4-chloro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine; 

3-(3-(4-(6-chloro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine; 
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3-(3-(6-phenoxymethyl-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine; 

3-(3-(4-(6-fluoro-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine; 

3-(3-(6-(4-fluoro-benzyloxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine; 

3-(3-(4-(5-chloro-furan-2-ylmethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine; 

3-(3-(4-phenylaminomethyl-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine; 

3-(3-(4-(4-methyl-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

3-(3-(4-(6-fluoro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

3-(3-(4-(5-methyl-furan-2-ylmethyl)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

3-(3-(4-(4-chloro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

3-(3-(4-(6-chloro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

3-(3-(6-phenoxymethyl-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

3-(3-(4-(5-fluoro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

3-(3-(4-(6-fluoro-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2 ; 6-diamine; 

3-(3-(1 -benzyl-1 /-/-pyrrol-3-ylmethyl)-isoxazol-5-yl)- pyridin-2,6-diamine; 

3-(3-(6-(4-fluoro-benzyloxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

3-(3-(4-(5-chloro-furan-2-ylmethyl)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

3-(3-(6-(3-fluoro-phenoxy)pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

3-(3-(4-phenylaminomethyl-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

3-(3-(6-(4-fluoro-phenoxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

3-(3-(4-(thiazol-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

3-(3-(5-(4-fluoro-phenoxy-thiophen-2-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine; 

6-methoxymethyl-3-(3-(4-(pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine; 

6-methyl-3-(3-(4-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine; 

5-(3-(4-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine; 

3-(1-(4-(pyridin-2-ylmethoxy)-benzyl)-1/-/-pyrazol-4-yl)-pyridin-2-ylamine; and 

3-(3-(4-(pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridine. 

[0045] Examples of the term "salt" used in the present specification include a salt with an inorganic acid, a salt with 
an organic acid, a salt with an acidic amino acid or the like. Among these salts, it is preferable that a salt used herein 
be a pharmaceutical^ acceptable. 

[0046] Preferable examples of the salt with the inorganic acid include salts with hydrochloric acid, hydrobromic acid, 
sulfuric acid, nitric acid, phosphoric acid or the like. Preferable examples of the salt with the organic acid include salts 
with acetic acid, succinic acid, fumaric acid, maleic acid, tartaric acid, citric acid, lactic acid, stearic acid, benzoic acid, 
methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid or the like. 

[0047] Preferable examples of the salt with the acidic amino acid include salts with aspartic acid, glutamic acid or the 
like. Preferable examples of the salt with the basic amino acid include salts with arginine, lysine, ornithine or the like. 
[0048] The term "antifungal agent" used in the present specification refers to a preventive agent or a therapeutic agent 
for fungal infection. 

[0049] The compounds according to the present invention, or salts or hydrates thereof, can be formulated into tablets, 
powders, fine granules, granules, coated tablets, capsulates, syrups, troches, inhalants, suppositories, injections, oint- 
ments, eye ointments, tapes, eye drops, nose drops, ear drops, cataplasms, lotions or the like, by the conventional 
methods. 

[0050] Such formulation can be achieved by using typical diluents, binders, lubricants, colorants, flavorants, and, as 
necessary, stabilizers, emulsifiers, absorbefacients, surfactants, pH modulators, preservatives, antioxidants or the like, 
and materials commonly used as ingredients of pharmaceutical preparations according to the conventional methods. 
For example, an oral preparation can be produced by combining a compound of the present invention or a pharmaceu- 
tical^ acceptable salt thereof with a diluent, and if required, a binder, a disintegrating agent, a lubricant, a colorant, a 
flavorant orthe like, and formulating the mixture into powders, fine granules, granules, tablets, coated tablets, capsules 
or the like according to the conventional methods. 

[0051] Examples of the materials include animal and vegetable oils such as soy bean oil, beef tallow, and synthetic 
glyceride; hydrocarbons such as liquid paraffin, squalane, and solid paraffin; ester oils such as octyldodecyl myristate 
and iso-propyl myristate; higher alcohols such as cetostearyi alcohol and behenyl alcohol; silicone resins; silicone oils; 
surfactants such as polyoxyethylene fatty acids ester, sorbitan fatty acid ester, polyoxyethylene sorbitan fatty acid ester, 
polyoxyethylene hydrogenated castor oil, and polyoxyethylene polyoxypropylene block co-polymer; water-soluble pol- 
ymers such as hydroxyethyl cellulose, polyacrylic acid, carboxyvinyl polymer, polyethylene glycol, polyvinylpyrrolidone, 
and methytl cellulose; lower alcohols such as ethanol and isopropanol; polyhydric alcohols such as glycerol, propylene 
glycol, dipropylene glycol, and sorbitol; sugars such as glucose and sucrose; inorganic powder such as anhydrous silicic 
acid, magnesium aluminum silicate, and aluminum silicate; and pure water. Examples of the diluents include lactose, 
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corn starch, white sugar, glucose, mannitol, sorbitol, crystalline cellulose, silicon dioxide or the like. Examples of the 
binders include polyvinyl alcohol, polyvinyl ether, methylcellulose, ethylcellulose, gum Arabic, tragacanth, gelatin, shellac, 
hydroxypropyl methylcellulose, hydroxypropyl cellulose, polyvinylpyrrolidone, polypropylene glycol-polyoxyethylene 
block co-polymer, and meglumine or the like. Examples of disintegrating agents include starch, agar, gelatin powder, 
crystalline cellulose, calcium carbonate, sodium hydrogencarbonate, calcium citrate, dextrin, pectin, calcium carboxyme- 
thyl cellulose orthe like. Examples of lubricants include magnesium stearate, talc, polyethylene glycol, silica, hydrogen- 
ated vegetable oil orthe like. Examples of colorants include those pharmaceutically acceptable. Examples of flavorants 
include cocoa powder, peppermint camphor, aromatic powder peppermint oil, Borneo camphor, cinnamon powder or 
the like. Tablets and granules may be coated with sugar, or if required, other appropriate coatings can be made. Solutions, 
such as syrups or injectable preparations, to be administered can be formulated by combining a compound according 
to the present invention or a pharmaceutically acceptable salt thereof with a pH modulator, a solubilizing agent, an 
isotonizing agent or the like, and if required, with an auxiliary solubilizing agent, a stabilizer or the like, according to the 
conventional methods. Methods for manufacturing external preparations are not limited and such preparations can be 
manufactured by the conventional methods. Specifically, various materials typically used for manufacturing pharmaceu- 
ticals, quasi drugs, cosmetics or the like can be used as base materials for the external formulation. More specifically, 
examples of base materials to be used include animal and vegetable oils, minerals oils, ester oils, wax, higher alcohols, 
fatty acids, silicone oil, surfactants, phospholipids, alcohols, polyhydric alcohols, water-soluble polymers, clay minerals, 
pure waterorthe like. Furthermore, external preparations of the present invention can contain, as required, pH modulators, 
antioxidants, chelating agents, antibacteria/antifungal agents, colorants, odoriferous substances orthe like. Butthis does 
not limit the type of base materials that are to be used in the external preparations of the present invention. If required, 
the preparation may contain differentiation inducers, blood flow improving agents, antimicrobial agents, antiphologistics, 
cell activators, vitamins, amino acids, humectants, keratolytic agents orthe like. The amount of the base materials listed 
above is adjusted within a concentration range used for producing typical external preparations. 
[0052] When administering the compound of the present invention or a salt thereof, the forms of the compounds are 
not limited in particular, and the compound can be given orally or parenteral ly by the conventional method. For instance, 
the compound can be administered as a dosage form such as tablets, powders, granules, capsules, syrups, troches, 
inhalants, suppositories, injections, ointments, eye ointments, tapes, eye drops, nasal drops, eardrops, cataplasms and 
lotions. 

[0053] Dose of a medicament according to the present invention can be selected appropriately according to symptom 
severity, age, sex, body weight, forms of administration, type of salts, specific type of disease or the like. 
[0054] The does varies remarkably depending on the patient's disease, symptom severity, age and sex, drug suscep- 
tibility or the like. An oral preparation according to the present invention can be generally administered once or several 
time at a dose of from 1 to 1 0000 mg/adult/day, preferably from 1 0 to 2000 mg/adult/day. An injection according to the 
present invention can be generally administered at a dose of from 0.1 to 1 0000 mg/adult/day, preferably from 1 to 2000 
mg/adult/day. 

[General synthesis methods] 

[0055] The method for manufacturing the compounds represented by formula (I) according to the present invention 
(hereinafter referred to as compounds (I)) is discussed here. The compounds according to the present invention can be 
synthesized by ordinary organic synthesis methods, but for example, among the compounds (I), the compounds repre- 
sented by formula (1a), formula (2a), formula (3a), formula (4a), formula (5a), formula (6a-1), formula (6a-3), formula 
(7), formula (8a), formula (9a) and formula (10a) (hereinafter referred to as compound (1 a), compound (2a), compound 
(3a), compound (4a), compound (5a), compound (6a-1), compound (6a-3), compound (7a), compound (8a), compound 
(9a) and compound (10a), respectively) can be synthesized by the methods given [Manufacturing Method 1] to [Manu- 
facturing Method 1 0] below and the like. 

[Manufacturing Method 1] Typical method for manufacturing compound (1a): 



[0056] 




(I) 
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(wherein ring A, R 1 , R 2 , R 3 , and R 4 and Z are defined as above.) 
[Manufacturing Method 1-1] Method for manufacturing compound (1 a): 
[0057] 




(1b) (1c) (1a) 

(wherein the ring A, R 1 , R 2 , R 3 , and Z have the same meanings as defined above.) 

[0058] Compound (1 b) which is a commercially available product can be used as is or compound (1 b) can also be 
manufactured from a commercially available product by the well known methods. In addition, compound (1 b) can be 
manufactured by the methods described in the Manufacturing Examples in the Examples or according to [Manufacturing 
Method 1-2-1] or the like. 

[0059] Compound (1 c) can be manufactured by the well known methods from a commercial available product. Com- 
pound (1 c) can also be manufactured by the methods described in the Manufacturing Examples in the Examples or 
according to [Manufacturing Method 1-3-1] and the like. 

[Stepi] 

[0060] This step is a step wherein compound (1 a) is obtained by reacting compound (1b) and compound (1c) in the 
presence of a base. There are no particular limitations on the solvent used in this reaction as long as it dissolves the 
starting materials to a certain extent without impeding the reaction. Examples of the solvents used in this reaction include 
ether solvents such as tetrahydrofuran and diethyl ether: aromatic hydrocarbon solvents such as benzene and toluene; 
amide solvents such as N,N-dimethylformamide and N-methylpyrrolidinone; alcohol solvents such as methanol and 
ethanol; and water, methylene chloride, chloroform, ethyl acetate, dimethyl sulfoxide, mixed solvents of the foregoing 
and the like. Examples of the base used in this reaction include triethylamine, N,N-diisopropylethylamine, sodium hy- 
drogencarbonate, potassium carbonate and the like. Compound (1c) can be used in the amount of 1 to 3 equivalents, 
preferably 1 to 2 equivalents, based on compound (1 b). The base can be used in the amount of 1 to 3 equivalents based 
on compound (1c). The reaction temperature is from room temperature to reflux temperature, and the reaction time is 
from 1 0 minutes to 24 hours. 

[Manufacturing Method 1-2-1] Method 1 for manufacturing compound (1b): 
[0061] 




(1b-1) (1b-2) (1b) 



(wherein R 1 and R 2 are defined as above, Hal represents a halogen atom, and R 5 and R 6 represent each independently 
C-|_ 6 alkyl groups.) 

[0062] Compound (1 b-1 ) which is a commercially available product can be used as is, or compound (1 b-1 ) can also 
be manufactured from commercially available products by the well known methods. 
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[Step 1-1] 

[0063] This step is a step wherein compound (1 b-2) is obtained by reacting compound (1 b-1 ) with an ethynyl silane 
derivative. Compound (1 b-2) can be obtained by reacting compound (1 b-1 ) with an ethynyl silane derivative in the 
presence of a palladium catalyst, a base and a copper catalyst. A phosphine ligand may also be added to obtain good 
results. There are no particular limitations on the solvent used in this reaction as long as it can dissolve the starting 
materials to a certain extent without impeding the reaction. Examples of the solvents used in this reaction include ether 
solvents such as tetrahydrofuran and 1 ,4-dioxane; amide solvents such as N,N-dimethylformamide and N-methylpyrro- 
lidinone; and acetonitrile, dimethyl sulfoxide, mixed solvents of the foregoing and the like. Examples of the ethynyl silane 
derivative include trimethylsilylacetylene, triethylsilylacetylene, triisopropylsilylacetylene, f-butyldimethylsilylacetylene 
and the like. Examples of the palladium catalysts include palladium (II) acetate, tetrakis(triphenylphosphine)palladium 
(O),dichlorobis(triphenylphosphine)palladium(ll),dichlorobis(tri-o-tolylphosphine)palladium(ll),bis(tri-f-butylphosphine) 
palladium (0), ortris(dibenzylideneacetone)dipalladium (0) and the like. Examples of the base include triethylamine, N, 
N-diisopropylethylamine, pyridine and the like. Examples of the phosphine ligand include triphenylphosphine, tri-o-tolyl- 
phosphine, tri-f butylphosphine and the like. A copper catalyst can be added in this reaction. Examples of the copper 
catalyst include copper, copper (I) iodide, copper (I) bromide, copper (I) chloride and the like. The ethynyl silane derivative 
is used in the amount of 1 to 5 equivalents based on compound (1 b-1). The palladium catalyst is used in the amount 
of 0.01 to 0.3 equivalents based on compound (1 b-1). The base is used in the amount of 2 to 5 equivalents based on 
compound (1 b-1). The phosphine ligand is used in the amount of 0.01 to 1.2 equivalents based on compound (1 b-1 ). 
The copper catalyst is used in the amount of 0.001 to 0.3 equivalents based on compound (1 b-1). The reaction tem- 
perature is from room temperature to reflux temperature, and the reaction time is from 30 minutes to 24 hours. 

[Step 1-2] 

[0064] This step is a step wherein compound (1b) is obtained by reacting compound (1 b-2) with a base. There are 
no particular limitations on the solvent used in this reaction as long as it dissolves the starting materials to a certain 
extent without impeding the reaction. Examples of the solvents in this step include ether solvents such as tetrahydrofuran 
and diethyl ether; alcohol solvents such as methanol and ethanol; amide solvents such as N,N-dimethylformamide and 
N-methylpyrrolidinone; and acetonitrile, dimethyl sulfoxide, water, mixed solvents of the foregoing and the like. Examples 
of the base include potassium carbonate, sodium hydroxide, tetrabutylammonium fluoride, potassium fluoride, cesium 
fluoride and the like. The base is used in the amount of 0.05 to 10 equivalents based on compound (1 b-2). The reaction 
temperature is from 0°C to reflux temperature, and the reaction time is from 5 minutes to 24 hours. 

[Manufacturing Method 1-2-2] Method 2 for manufacturing compound (1 b): 

[0065] 




(1b-3) (1b-4) (1b-5) 




(1b-6) (1b) 



(wherein R 1 and R 2 are defined as above, and R 7 represents a C^g alkyl group.) 

[0066] Compound (1 b-3) which is a commercially available product can be used as is, or compound (1 b-3) can also 
be manufactured from commercially available products by the well known methods. 
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[Step 1 -3] 

[0067] This step is a step wherein compound (1 b-4) is obtained by esterifying compound (1 b-3) in the presence of 
an acid. The solvent used in this reaction is preferably an alcohol solvent such as methanol, ethanol and the like. 
5 Examples of the acids include sulfuric acid, hydrochloric acid, hydrobromic acid and the like. The acid can be used in 
the amount from a catalytic amount to a solvent amount based on compound (1 b-3). The reaction temperature is from 
room temperature to reflux temperature, and the reaction time is from 1 hour to 72 hours. 

[0068] Compound (1 b-4) can also be obtained from compound (1 b-4) by the methods described as Alternative 
Methods (1), (2) and (3) below. 

10 [0069] Alternative Method (1): Compound (1 b-4) can be converted into a methyl ester derivative using diazomethane 
or trimethylsilyl diazomethane. There are no particular limitations on the solvent used in this reaction as long as it 
dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvent used in this 
reaction include ethersolvents such astetrahydrofuran and diethyl ether; aromatic hydrocarbon solvents such as benzene 
and toluene; alcohol solvents such as methanol and ethanol; and methylene chloride, hexane, mixed solvents of the 

« foregoing and the like. The diazomethane or trimethylsilyl diazomethane is used in the amount of 1 to 2 equivalents 
based on compound (1 b-3). The reaction temperature is from 0°C to room temperature, and the reaction time is from 
10 minutes to 24 hours. 

[0070] Alternative Method (2): Compound (1 b-3) can be converted into compound (1 b-4) using an alkylating agent in 
the presence of a base. There are no particular limitations on the solvent used in this reaction as long as it dissolves 

20 the starting materials to a certain extent without impeding the reaction. Examples of the solvents used in this reaction 
include ether solvents such as tetrahydrofuran and diethyl ether; aromatic hydrocarbon solvents such as benzene and 
toluene; amide solvents such as N,N-dimethylformamide and N-methylpyrrolidinone; alcohol solvents such as methanol 
and ethanol; and water, acetone, acetonitrile, dimethyl sulfoxide, mixed solvents of the foregoing and the like. A phase- 
transfer catalyst such as tetrabutylammonium bromide can also be added to this reaction. Examples of the base used 

25 in this reaction include potassium hydroxide, sodium hydroxide, lithium hydroxide, potassium carbonate, cesium car- 
bonate, cesium fluoride and the like. Examples of the alkylatingagents include iodomethane, iodoethane, dimethylsulfate 
and the like. The base is used in the amount of 1 to 1.5 equivalents based on compound (1 b-3). The alkylating agent is 
used in the amount of 1 to 2 equivalents based on compound (1b-3). The reaction temperature is from 0°C to reflux 
temperature, and the reaction time is from 1 hour to 72 hours. 

so [0071] Alternative Method (3): Compound (1 b-3) can be converted into an acid chloride using a halogenating agent, 
and then converted into compound (1 b-4) by addition of alcohol. There are no particular limitations on the solvent used 
in this reaction as long as it dissolves the starting materials to a certain extent without impeding the reaction. Examples 
of the solvents used in this reaction include aromatic hydrocarbon solvents such as benzene and toluene; amide solvents 
such as N,N-dimethylformamide and N-methylpyrrolidinone; and acetonitrile, methylene chloride, 1 ,2-dichloroethane, 

35 mixed solvents of the foregoing and the like. The halogenating agent can also be used as the solvent. A catalytic amount 
of pyridine or a phase-transfer catalyst such as benzyltriethylammonium chloride can also be added to this reaction. 
Examples of the halogenating agents include thionyl chloride, phosphorus pentachloride and the like. Examples of the 
alcohols include methanol, ethanol and the like. The halogenating agent is used in the amount of 1 to 20 equivalents 
based on compound (1 b-3). The alcohol is used in the amount of 1 to 20 equivalents based on compound (1 b-3). The 

40 reaction temperature during conversion to an acid chloride is from 0°C to reflux temperature, with a reaction time being 
from 1 0 minutes to 48 hours. The reaction temperature for reacting the alcohol is from 0°C to reflux temperature, with 
a reaction time being from 1 0 minutes to 48 hours. The alcohol can be used as the solvent in this reaction. In this case, 
compound (1 b-4) can be obtained by adding the halogenating agent to a mixture of the solvent and compound (1 b-3). 
The reaction temperature is from 0°C to room temperature, and the reaction time is from 10 minutes to 24 hours. 

45 

[Step 1-4] 

[0072] This step is a step wherein compound (1 b-5) is obtained by reduction of compound (1 b-4). There are no 
particular limitations on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent 
so without impeding the reaction, but tetrahydrofuran is preferred. Examples of the reducing agent in this reaction include 
lithium aluminum hydride, lithium aluminum hydride-aluminum chloride (aluminum chloride in the amount of 1 to 1.5 
equivalents based on lithium aluminum hydride), lithium borohydride and the like. The reducing agent is used in the 
amount of 0.5 to 4 equivalents based on compound (1 b-4). The reaction temperature is from 0°C to reflux temperature, 
and the reaction time is from 1 0 minutes to 48 hours. 

55 

[Step 1-5] 

[0073] This step is a step wherein compound (1 b-6) is obtained by oxidation of compound (1 b-5). There are no 
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particular limitations on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent 
without impeding the reaction. Examples of the solvents used in this reaction include ether solvents such as tetrahydro- 
furan and diethyl ether; aromatic hydrocarbon solvents such as benzene and toluene; alcohol solvents such as methanol 
and ethanol; and methylene chloride, acetone, hexane, mixed solvents of the foregoing and the like. Examples of oxidizing 

5 agent used in this reaction include manganese dioxide, pyridinium chlorochromate, pyridinium dichromate, dimethyl 
sulfoxide - activator, tetrapropylammonium perruthenate, dichlorotris(triphenylphosphine)ruthenium (II), 1,1 ,1 -tris(acety- 
loxy)-1 ,1 -dihydro-1 ,2-benziodoxo)-3-(1 H)-on (Dess-Martin Periodinane) and the like. The oxidizing agent is used in the 
amount of from the catalytic amountto 20 equivalents based on compound (1 b-5). When oxidizing with dimethyl sulfoxide- 
activator, examples of the activator include acid anhydrides such as acetic anhydride and trifluoroacetic anhydride; acid 

10 chlorides such as oxalyl chloride and thionyl chloride; and chlorine, N-chlorosuccinimide and the like. The dimethyl 
sulfoxide is used in the amount of 1 to 20 equivalents based on the activator. When using tetrapropyl ammonium 
perruthenate ordichlorotris(triphenylphosphine)ruthenium (II) in a catalytic amount, an oxidizing agent such as N-meth- 
ylmorpholine-N-oxide or bis(trimethylsilyl)peroxide can be used at the same time. The reaction temperature is from -78°C 
to reflux temperature, and the reaction time is from 10 minutes to 72 hours. 

15 

[Step 1-6] 

[0074] This step is a step wherein compound (1 b) is obtained from compound (1 b-6) in the presence of a base using 
a diazo compound. Examples of the diazo compound used in this reaction include trimethylsilyl diazomethane, (1-diazo- 

20 2-oxopropyl)-phosphoric acid dimethyl ester, diazomethyl phosphoric acid dimethyl ester and the like. There are no 
particular limitations on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent 
without impeding the reaction. Examples of the solvents used in this reaction include ether solvents such as tetrahydro- 
furan and diethyl ether; aromatic hydrocarbon solvents such as benzene and toluene; alcohol solvents such as methanol 
and ethanol; and methylene chloride, hexane, mixed solvents of the foregoing and the like. When using trimethylsilyl 

25 diazomethane as the diazo compound, n-butyl lithium and lithium diisopropylamide can be used as the base. When 
using a phosphoric acid ester derivative such as (1-diazo-2-oxopropyl)-phosphoric acid dimethyl ester and diazomethyl 
phosphoric acid dimethyl ester as the diazo compound, potassium carbonate, potassium f-butoxide and the like can be 
used as the base. The diazo compound is used in the amount of 1 to 1 .5 equivalents based on compound (1 b-6). The 
base is used in the amount of 1 to 2 equivalents based on compound (1b-6). The reaction temperature is from -78°C to 

so room temperature, and the reaction time is from 1 0 minutes to 24 hours. 

[0075] Compound (1 b) can also be obtained from compound (1 b-6) by the methods given below as Alternative 
Methods (1). 

[0076] Alternative Method (1 ): Compound (1 b-6) can be converted into a dihaloalkene in the presence of a base, and 
then reacted with a base to obtain compound (1b). 

35 [0077] Dihaloalkene synthesis: There are no particular limitations on the solvent used in this reaction as long as it 
dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvent used in this 
synthesis include ether solvents such as tetrahydrofuran and diethyl ether; aromatic hydrocarbon solvents such as 
benzene and toluene; and hexane, mixed solvents of the foregoing and the like. Examples of the reagent for converting 
compound (1 b-6) into dihaloalkene include (dichloromethyl)-phosphoric acid dimethyl ester, dibromomethyl triphenyl 

40 phosphonium bromide (Tetrahedron Letters, Vol. 40, No.49, 8575-8578) and the like. Examples of the base in this 
reaction include lithium diisopropylamide, potassium f-butoxide and the like. The reagent for converting into dihaloalkene 
is used in the amount of 1 to 1.5 equivalents based on compound (1 b-6). The base is used in the amount of 1 to 2 
equivalents based on compound (1b-6). The reaction temperature is from -78°Cto room temperature, and the reaction 
time is from 1 0 minutes to 24 hours. 

45 [0078] As another synthetic method of dihaloalkene, following alternative method using carbon tetrabromide can be 
applied. Compound (1 b-6) is converted into dihaloalkene by reacting carbon tetrabromide and triphenylphosphine. Zinc 
can also be added in this reaction. There are no particular limitations on the solvent used in this reaction as long as it 
dissolves the starting materials to a certain extent without impeding the reaction. Preferable examples of the solvent 
used in this synthesis include tetrahydrofuran and methylene chloride. The carbon tetrabromide is used in the amount 

so of 1 to 2 equivalents based on compound (1 b-6). The triphenylphosphine is used in the amount of 2 to 4 equivalents 
based on compound (1 b-6). The zinc is used in the amount of 1 equivalent based on the carbon tetrabromide. The 
reaction temperature is from 0°C to room temperature, and the reaction time is from 1 0 minutes to 1 2 hours. 
[0079] Synthesis of compound (1 b) from dihaloalkene: There are no particular limitations on the solvent used in this 
reaction as long as it dissolves the starting materials to a certain extent without impeding the reaction. Examples of the 

55 solvent used in this synthesis include ether solvents such as tetrahydrofuran and diethyl ether; aromatic hydrocarbon 
solvents such as benzene and toluene; and hexane, mixed solvents of the foregoing and the like. Examples of the base 
used in this reaction include n-butyl lithium, t-butyl lithium, potassium t-butoxide and the like. The base is used in the 
amount of 2 to 3 equivalents based on the dihaloalkene. The reaction temperature is from -78°C to room temperature, 
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and the reaction time is from 1 0 minutes to 24 hours. 

[Manufacturing Method 1-2-3] Method for manufacturing compound (1 b-3): 

[0080] 




(1b-7) (lb-8) 



(wherein R 2 and Hal are defined as above, and R a represents a C^g alkyl.) 

[0081] Compound (1 b-7) which is a commercially available product can be used as is, or compound (1 b-7) can also 
be manufactured by from a commercially available product with the well known methods, for example, WO 2005/033079 
A1 , pp 85-86, etc. 

[Step 1-7] 

[0082] This step is a step wherein compound (1 b-8) is obtained by reacting compound (1 b-7) with an alcohol in the 
presence of a base. This step is carried out according to the procedures of [Step 1-39] given below or the method 
disclosed in Journal of Medicinal Chemistry, Vol. 46, No. 5, pp 702-705 or the like. There are no particular limitations 
on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent without impeding the 
reaction. Examples of the solvents in this step include ether solvents such as tetrahydrofuran and diethyl ether; aromatic 
hydrocarbon solvents such as benzene and toluene; amide solvents such as N,N-dimethylformamide and N-methylpyr- 
rolidinone; alcohol solvents such as methanol and ethanol; and dimethyl sulfoxide, mixed solvents of the foregoing and 
the like. Examples of the base in this step include sodium hydride, potassium r-butoxide, potassium hexamethyldisilazide 
and the like. A copper catalyst can be added in this reaction. Examples of the copper catalyst include copper, copper 
(I) iodide, copper (I) bromide, copper (I) chloride and the like. The base can be used in the amount of 1 to 20 equivalents 
based on compound (1 b-7). The alcohol can be used in the amount of 1 to 20 equivalents based on compound (1 b- 
7). The copper catalyst can be used in the amount of 0.01 to 0.3 equivalents based on compound (1 b-7). The reaction 
temperature is from 0°C to reflux temperature, and the reaction time is from 30 minutes to 48 hours. 

[Manufacturing Method 1-2-4] Method 1 for manufacturing compound (1b-4): 




(1b-9) OMO) 



(wherein R 2 , R 7 and Hal are defined as above and R 9 represents a C,^ alkyl group.) 

[0084] Compound (1 b-9) which is a commercially available product can be used as is, or compound (1 b-9) can also 
be manufactured from commercially available products by the well known methods. Compound (1 b-9-1 ) which is a 
commercially available product can be used as is, or compound (1 b-9-1) can also be manufactured from commercially 
available products by the well known methods (for example, WO 2005/033079 A1 , pp 85-86, etc.). 

[Step 1-8] 

[0085] This step is a step wherein compound (1 b-1 0) is obtained by reacting compound (1 b-9) with compound (1b- 
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9-1) in the presence of a palladium catalyst. A phosphine ligand may also be added to obtain good results. There are 
no particular limitations on the solvent used in this reaction as long as it dissolves the starting materials to a certain 
extent without impeding the reaction. Examples of the solvents in this step include ether solvents such as 1 ,4-dioxane 
and tetrahydrofuran; aromatic hydrocarbon solvents such as toluene and xylene; amide solvents such as N,N-dimeth- 
ylformamide and N-methylpyrrolidinone; and dimethyl sulfoxide, mixed solvents of the foregoing and the like. Examples 
of the palladium catalyst include palladium (II) acetate, tris(dibenzylideneacetone)dipalladium (0), dichlorobis(triphenyl- 
phosphine)palladium (II), dichlorobis(tri-o-tolylphosphine)palladium (II), bis(tri-f-butylphosphine)palladium (0), tetrakis 
(triphenylphosphine)palladium (0), 1 ,1'-bis(diphenylphosphinoferrocene)dichloropalladium (II) and the like. Examples of 
the phosphine ligand include triphenylphosphine.tri-o-tolylphosphine, tri-f-butylphosphine, diphenylphosphinoferrocene 
and the like. Compound (1 b-9-1 ) is used in the amount of 1 to 3 equivalents based on compound (1 b-9). The palladium 
catalyst is used in the amount of 0.01 to 0.3 equivalents based on compound (1 b-9). The phosphine ligand is used in 
the amount of 0.01 to 1 .2 equivalents based on compound (1 b-9). The reaction temperature is from room temperature 
to reflux temperature, and the reaction time is from 10 minutes to 24 hours. 

[Manufacturing Method 1-2-5] Method 2 for manufacturing compound (1b-4) 

[0086] 



fT^°' R ' **** jty^ 



(wherein Hal, R 2 and R 7 are defined as above, R 10 and R 11 each independently represents C^g alkyl groups.) 
[0087] Compound (1b-9) and compound (1 b-9-2) which are commercially available products can be used as is or may 
be obtained from commercially available products by the known methods 

[Step 1 -9] 

[0088] This step is a step wherein compound (1 b-1 1 ) is obtained by alkylating compound (1 b-9) through a reaction 
with compound (1 b-9-2) in the presence of a palladium catalyst. Compound (1 b-11) can be manufactured according 
to the method similar to those of [Step 1-8]. 



[Manufacturing Method 1-2-6] Method for manufacturing compound (1 b-5) 
[0089] 




(wherein R 1 and R 2 are defined as above.) 

[0090] Compound (1 b-3) which is a commercially available product can be used as is or may be obtained from 
commercially available products by the known methods. 

[Step 1-10] 

[0091] This step is a step wherein compound (1 b-5) is obtained by reducing compound (1 b-3). Compound (1 b-5) 
can be manufactured according to methods similar to those of [Step 1 -4]. 
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[Manufacturing Method 1-2-7] Method for manufacturing halogen-modified product of pyridine ring 
[0092] 




(1b-12) (1b-13) 



(wherein R 1 , R 2 and Hal is defined as above; R 12 represents a hydrogen atom, a hydroxy group, or OR 7 (R 7 is defined 
as above).) 

[0093] Compound (1b-12) which is a commercially available product can used as is or may be obtained from com- 
mercially available products by the known methods. 

[Step 1-11] 

[0094] This step is a step wherein compound (lb-13) is obtained by substituting a halogen atom for a hydrogen atom 
on the pyridine ring of compound (1 b-12). This step can be carried out according to, for instance, European Journal of 
Medicinal Chemistry, Vol, 12, No. 6, 531-536, or, Journal of Organic Chemistry, Vol.49, No. 26, 5237-5243, or the like. 
There are no particular limitations on the solvent used in this reaction as long as it dissolves the starting materials to a 
certain extent without impeding the reaction. Examples of the solvent include halogen solvents such as chloroform and 
dichloromethane; ether solvents such as tetrahydrofuran and diethyl ether; amide solvents such as N,N-dimethylforma- 
mide and N-methylpyrrolidinone; acid solvents such as acetic acid and hydrochloric acid aqueous solution; dimethyl 
sulfoxide; acetonitrile; mixed solvents of the foregoing, or the like. Examples of halogenation reagent include N-chloro- 
succinimide, N-bromosuccinimide, chlorine and bromine. The halogenation reagent is used in the amount of 1 .0 to 1 .5 
equivalents based on compound (1b-12). The reaction temperature is from room temperature to 50°C, and the reaction 
time is from 5 minutes to 24 hours. 

[Manufacturing Method 1-2-8] Method for manufacturing compound (1 b-6) 
[0095] 




(1b-14) (1b-15) [1b-16) < 1b - 17 > 



(wherein R 2 and R 7 is defined as above.) 

[0096] Compound (1 b-1 4) can be manufactured according to the methods described in [Manufacturing Method 1 -2-4] 
given above. 

[Step 1-12] 

[0097] This step is a step wherein compound (1 b-15) is obtained by reducing compound (1 b-14). Compound (1 b-1 5) 
can be manufactured according to the methods similar to those of [Step 1 -4], 

[Step 1-13] 

[0098] This step is a step wherein compound (1 b-1 6) is obtained by oxidizing compound (1 b-15). Compound (1 b-1 6) 
can be manufactured according to the methods similar to those of [Step 1 -5]. 
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[Step 1-14] 

[0099] This step is a step wherein compound (1 b-1 7) is obtained by reacting compound (1 b-1 6) with boron tribromide. 
There are no particular limitations on the solvent used in this reaction as long as it dissolves the starting materials to a 
certain extent without impeding the reaction. Examples of the solvent include halogenated hydrocarbon solvents such 
as methylene chloride; aromatic hydrocarbon solvents such as benzene and toluene; mixed solvents of the foregoing, 
or the like. Boron tribromide can be used in the amount of 1 to 5 equivalents based on compound (1 b-1 6), preferably 3 
equivalents. The reaction temperature is from -20°C to room temperature, and preferably 0°C. The reaction time is 1 0 
minutes to 24 hours. 

[Manufacturing Method 1-3-1] Method 1 for manufacturing compound (1c): 



(lp-2) 0*1) 

\. [step1-15] 

[stepi-ieiX^ \ 

(1C-3) (1C-6) do*) (1o-9) 

[step1-20] | [step1.18]| [stepl^lTX^ |ste P 1-22]| lstepK!6]\^ j[step1-25) 

V_y [stepl-19] V_/ R" »° 



(wherein ring A, R 3 , Z and Hal are defined as above, R 13 and R 13 ' represent C,_ 6 alkyl groups or crosslinked -(CH 2 ) n -, 
n is 2 or 3, and R 14 represents a hydrogen atom, a sodium atom, a potassium atom and a lithium atom.) 
[0101] Each compound in the above reaction scheme which is commercially available products can be used as is, or 
each compound can also be manufactured from commercially available products by the well known methods. In addition, 
each compound can be manufactured by the methods described in the manufacturing examples in the examples and 
by the methods described in [Manufacturing Method 1-3-1] to [Manufacturing Method 1-3-23]. 

[Step 1-15] 

[0102] This step is a step wherein compound (1 c-6) is obtained by reacting aformylation reagent with an organometallic 
compound obtained by substituting a metal atom for the halogen atom in compound (1 c-1). There are no particular 
limitations on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent without 
impeding the reaction. Preferable examples of the solvents used in this reaction include ether solvents such as tetrahy- 
drofuran and diethyl ether. Examples of the organometallic compound include organolithium compounds obtained using 
a base such as n-butyl lithium, s-butyl lithium, f-butyl lithium and lithium diisopropylamide, or Grignard reagents obtained 
using a base such as metal magnesium, ethyl magnesium bromide and isopropyl magnesium chloride. Acatalytic amount 
of iodine, dibromoethane and the like can be added when preparing the Grignard reagents using metal magnesium. The 
temperature for preparing the organolithium compound is from -78°C to room temperature, preferably from -78°C to 
-40°C, the base is used in the amount of 1 to 1.5 equivalents based on compound (1c-1), and the reaction time is from 
30 minutes to 24 hours. The temperature for preparing the Grignard reagents using metal magnesium is from room 
temperature to reflux temperature of the solvent, the metal magnesium is used in the amount of 1 to 2 equivalents based 
on compound (1c-1), and the reaction time is from 30 minutes to 24 hours. The temperature for preparing the Grignard 
reagents using ethyl magnesium bromide or isopropyl magnesium chloride is from -60°C to reflux temperature, the ethyl 
magnesium bromide or isopropyl magnesium bromide is used in the amount of 1 to 1 .6 equivalents based on compound 
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(1 c-1 ), and the reaction time is from 5 minutes to 1 2 hours. Examples of the formylation agents include dimethylformamide, 
N-formylpiperidine, N-formylmorpholine, N-methylformanilide and the like. The formylation reagent can be used in the 
amount of 1 to 20 equivalents, preferably 1 to 2 equivalents, based on the organometallic compound. The temperature 
for reacting the organometallic compound and formylation reagent is from -78°C to room temperature in the case of the 
5 organolithium compounds, with a reaction time being from 5 minutes to 6 hours, while in the case of the Grignard reagents 
the reaction temperature is from -78°C to reflux temperature of the solvent, with a reaction time being from 5 minutes 
to 24 hours. 

[Step 1-16] 

10 

[0103] This step is a step wherein compound (1c-6) is obtained by reacting an acid to the acetal of compound (1c-2), 
so as to deprotect the acetal. There are no particular limitations on the solvent used in this reaction as long as it dissolves 
the starting materials to a certain extent without impeding the reaction. Examples of the solvent used in this reaction 
include ether solvents such as tetrahydrofuran and diethyl ether; aromatic hydrocarbon solvents such as benzene and 

is toluene; amide solvents such as N,N-dimethylformamide and N-methylpyrrolidinone; alcohol solvents such as methanol 
and ethanol; dimethyl sulfoxide and water, mixed solvents of the foregoing and the like. Examples of the acid in this 
reaction include inorganic acids such as hydrochloric acid, sulfuric acid, and hydrobromic acid; organic acids such as 
citric acid, trifluoroacetic acid, p-toluenesulfonic acid and the like. The acid can be used in the amount of from a catalytic 
amount to an excess amount based on compound (1 c-2). The reaction temperature is from 0°C to the reflux temperature 

20 of the solvent, and the reaction time is from 5 minutes to 24 hours. 

[Step 1-17] 

[0104] This step is a step wherein compound (1c-6) is obtained by oxidation of compound (1c-3). Compound (1c-6) 
25 can be manufactured according to the methods similar to those of [Step 1 -5]. 

[Step 1 -1 8] 

[0105] This step is a step wherein compound (1c-6) is obtained by reduction of compound (1c-4). Compound (1 c-6) 
so can be obtained by means of the reduction reaction using a reducing agent such as diisobutylaluminum hydride, sodium 
triethoxyaluminum hydride, lithium triethoxyaluminum hydride and the like. There are no particular limitations on the 
solvent used, but in the case of a reducing reaction using a reducing agent, hydrocarbons such as toluene and ethers 
such as tetrahydrofuran can be used. The reducing agent is used in the amount of 1 to 2 equivalents based on compound 
(1 c-4). The reaction temperature is from -78°C to room temperature, and the reaction time is from 1 0 minutes to 24 hours. 

35 

[Step 1-19] 

[0106] This step is a step wherein compound (1c-5) is obtained by reduction of compound (1c-4). Compound (1c-5) 
can be obtained either by the reduction reaction using a reducing agent such as lithium aluminum hydride or diisobuty- 

40 laluminum hydride, or by catalytic hydrogenation using a Raney nickel, palladium-carbon or other catalyst in a hydrogen 
atmosphere. There are no particular limitations on the solvent used, but in the case of a reducing reaction using a 
reducing agent, ethers such as tetrahydrofuran and diethyl ether, orhydrocarbonssuch astoluenecan be used preferably, 
while in the case of catalytic hydrogenation, alcohols such as methanol, ethanol, propanol and the like can be used 
preferably. The reducing agent is used in the amount of 1 to 10 equivalents based on compound (1c-4). There are no 

45 particular limitations on the reaction temperature, but in the case of the reducing reaction using a reducing agent, the 
reaction tempearute is from -78°C to a reflux temperature of the solvent used, while in the case of the catalytic hydro- 
genation, the reaction temperature is from room temperature to a reflux temperature of the solvent used. The reaction 
time is from 10 minutes to 24 hours. The atmospheric pressure in the case of catalytic hydrogenation is from 1 to4atms. 
An amount of catalyst from a catalytic amount to excess may be used in catalytic hydrogenation. 

50 

[Step 1-20] 

[0107] This step is a step wherein compound (1c-3) is obtained by converting the amino groups of compound (1c-5) 
into acetoxy groups by reacting with sodium nitrite and acetic acid, followed by hydrolysis using a base. 
55 [0108] Acetoxylation reaction: Preferable example of the solvent used in this reaction includes a mixed solvent of 
acetic acid and water. More preferably, the ratio of acetic acid to water is from 1 :5 to 5:1 . Sodium nitrite is used in the 
amount of 1 to 20 equivalents based on compound (1c-5). The reaction temperature is from 0°C to room temperature, 
and the reaction time is from 1 hour to 12 hours. 
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[0109] Hydrolysis reaction: There are no particular limitations on the solvent used in this reaction as long as it dissolves 
the starting materials to a certain extent without impeding the reaction. Examples of the solvent in this reaction include 
alcohol solvents such as methanol and ethanol; ether solvents such as tetrahydrofuran; amide solvents such as N,N- 
dimethylformamide and N-methylpyrrolidinone; and water, dimethyl sulfoxide, mixed solvents of the foregoing and the 
5 like. Examples of the base include sodium hydroxide, potassium hydroxide, potassium carbonate and the like. The 
reaction temperature is from 0°C to 60°C, preferably from 20°C to 40°C, and the reaction time is from 30 minutes to 1 2 
hours. 

[01 10] Compound (1c-3) can also be obtained from compound (1 c-5) by the method described as Alternative Method 
(1) below. 

10 Alternative Method (1): This step is a step wherein compound (1 c-3) is obtained by heating compound (1c-5) in the 
presence of a strong base. Preferable example of the solvent in this step includes diethylene glycol, and preferable 
example of the base includes potassium hydroxide. The potassium hydroxide is used in the amount of 5 to 30 equivalents 
based on compound (1c-5), the reaction temperature is from 150°C to 230°C, and the reaction time is from 1 hour to 12 
hours. Note that during the reaction, an inactive gas is preferably substituted inside the reaction container. 

15 

[Step 1-21] 

[0111] This step is a step wherein compound (1 c-7) is obtained by reacting compound (1c-6) with nitromethane in 
the presence of a base. There are no particular limitations on the solvent used in this reaction as long as it dissolves 

20 the starting materials to a certain extent without impeding the reaction. Examples of the solvents used in this reaction 
include alcohol solvents such as methanol and ethanol; ether solvents such as tetrahydrofuran and diethyl ether; and 
the like. Examples of the base in this reaction include sodium methoxide, sodium ethoxide, n-butyl lithium, lithium 
diisopropylamide, sodium hydroxide, potassium hydroxide, potassium carbonate, potassium t-butoxide or the like. The 
nitromethane can be used in the amount of 1 to 20 equivalents based on compound (1c-6). The base is used in the 

25 amount of 1 to 2 equivalents based on compound (1c-6). The reaction temperature is from -78°C to reflux temperature, 
and the reaction time is from 5 minutes to 48 hours. 

[Step 1 -22] 

so [0112] This step is a step wherein compound (1 c-8) is obtained by esterifying the hydroxyl groups of compound (1c- 
7) in the presence of a base, followed by elimination in situ. There are no particular limitations on the solvent used in 
this reaction as long as it dissolves the starting materials to a certain extent without impeding the reaction. Examples of 
the solvents used in this reaction include ether solvents such as tetrahydrofuran and diethyl ether; amide solvents such 
as N,N-dimethylformamide and N-methylpyrrolidinone; and methylene chloride, dimethyl sulfoxide, mixed solvents of 

35 the foregoing and the like. Examples of the base in this reaction include triethylamine, N,N-diisopropylethylamine and 
the like. Examples of the esterification agents include acetic anhydride, methanesulfonyl chloride, p-toluenesulfonyl 
chloride and the like. The base is used in the amount of 1 .0 to 4.0 equivalents based on compound (1 c-7). The esterification 
agent is used in the amount of 1 .0 to 2.0 equivalents based on compound (1 c-7). The reaction temperature is from room 
temperature to reflux temperature, and the reaction time is from 30 minutes to 24 hours. 

40 [0113] Compound (1c-8) can also be obtained from compound (1c-7) by the method described below as Alternative 
Method (1). 

Alternative Method (1): Compound (1 c-8) can be obtained by dehydrating compound (1c-7) in an acetic acid solvent in 
the presence of an acetic acid salt. Acetic acid is used as the solvent in this reaction, but a mixed solvent of acetic acid 
and methanol, tetrahydrofuran and the like can also be used. Examples of acetic acid salt include ammonium acetate, 
45 ethylene diamine diacetic acid salt and the like. The acetic acid salt is used in the amount of 1 to 20 equivalents based 
on compound (1c-7). The reaction temperature is from room temperature to reflux temperature, and the reaction time 
is from 30 minutes to 72 hours. 



[0114] This step is a step wherein compound (1c-8) is obtained by reacting compound (1c-6) with nitromethane in the 
presence of a base, and then dehydrating by addition of an acid to the reaction system. There are no particular limitations 
on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent without impeding the 
reaction. Examples of the solvent used in this reaction include water; alcohol solvents such as methanol and ethanol; 
55 ether solvents such as tetrahydrofuran and diethyl ether; mixed solvents of the foregoing and the like. Examples of the 
base used in this reaction include sodium methoxide, sodium ethoxide, n-butyl lithium, lithium diisopropylamide, sodium 
hydroxide, potassium hydroxide, potassium carbonate, potassium t-butoxide and the like. Examples of the acid used in 
this reaction include hydrochloric acid, sulfuric acid, acetic acid and the like. The nitromethane is used in the amount of 
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1 to 20 equivalents based on compound (1 c-6). The base is used in the amount of 1 to 2 equivalents based on compound 
(1c-6). The acid can be added in an excess amount. The reaction temperature for the reaction with nitromethane is from 
-78°C to reflux temperature, with a reaction time being from 5 minutes to 48 hours. The reaction temperature for the 
dehydration reaction isfrom room temperature to refluxtemperature, with a reaction time beingfrom5 minutes to 48 hours. 
5 [01 1 5] Compound (1 c-8) can also be obtained from compound (1 c-6) by the method given below as Alternative Method 
(1). 

Alternative Method (1 ): Compound (1 c-8) can be obtained by reacting compound (1 c-6) with nitromethane in the presence 
of an acetic acid salt. Acetic acid is used as the solvent in this reaction, but a mixed solvent of acetic acid and methanol, 
tetrahydrofuran and the like can also be used. Examples of the acetic acid salt used in this reaction include ammonium 
10 acetate, ethylenediamine diacetic acid salt and the like. Nitromethane is used in the amount of 1 to 10 equivalents based 
on compound (1c-6). The acetic acid salt is used in the amount of 1 to 20 equivalents based on compound (1c-6). The 
reaction temperature is from room temperature to reflux temperature, and the reaction time is from 30 minutes to 72 hours. 

[Step 1 -24] 

[0116] This step is a step wherein compound (1c-9) is obtained by reduction of compound (1c-8). In order to obtain 
good results, an acid such as acetic acid or hydrochloric acid can be added. There are no particular limitations on the 
solvent used in this reaction as long as it dissolves the starting materials to a certain extent without impeding the reaction. 
Examples of the solvents used in this reaction include alcohol solvents such as methanol and ethanol; ether solvents 
20 such as tetrahydrofuran; and dimethyl sulfoxide and the like. Examples of the reducing agent used in this reaction include 
sodium borohydride, lithium borohydride and the like. The reducing agent is used in the amount of 0.5 to 3 equivalents 
based on compound (1c-8). The reaction temperature isfrom -20°C to 80°C, and the reaction time isfrom 10 minutes 
to 12 hours. In the case of adding the acid, the acid can be added in the amount of 1 equivalent to the solvent amount 
based on the reducing agent. 

25 

[Step 1-25] 

[0117] This step is a step wherein compound (1 c) is obtained by anionization of the nitroethyl moiety in compound 
(1c-9) using a base, followed by adding titanium (IV) chloride. 

so [01 1 8] Anionization reaction of compound (1 c-9): There are no particular limitations on the solvent used in this reaction 
as long as it dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvents 
used in this reaction include alcohol solvents such as methanol and ethanol; ether solvents such as tetrahydrofuran; 
and the like. Examples of the base used in this reaction include lithium methoxide, sodium methoxide, potassium f-bu- 
toxide, n-butyl lithium and the like. The base is used in the amount of 1 to 2 equivalents based on compound (1 c-9). The 

35 reaction temperature is from -78°C to room temperature, and the reaction time is from 5 minutes to 1 hour. 

[0119] Reaction with titanium (IV) chloride: There are no particular limitations on the solvents used in this reaction as 
long as it dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvents 
used in this reaction include ether solvents such as tetrahydrofuran; and methylene chloride, 1 ,2-dichloroethane, mixed 
solvents of the foregoing and the like. The titanium (IV) chloride is used in the amount of 1 to 3 equivalents based on 

40 compound (1 c-9). The reaction temperature is from -1 0°C to room temperature, and the reaction time is from 1 0 minutes 
to 12 hours. 

[Step 1-26] 

■is [0120] This step is a step wherein compound (1 c) is obtained by reacting compound (1 c-8) with titanium (IV) chloride 
in the presence of triethylsilane. There are no particular limitations on the solvent used in this reaction as long as it 
dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvents used in this 
reaction include ether solvents such as tetrahydrofuran; and methylene chloride, 1,2-dichloroethane, mixed solvents of 
the foregoing and the like. The triethylsilane is used in the amount of 1 to 3 equivalents based on compound (1 c-8). The 

so titanium (IV) chloride is used in the amount of 1 to 3 equivalents based on compound (1c-8). The reaction temperature 
is from -20°C to room temperature, and the reaction time is from 10 minutes to 12 hours. 

[Manufacturing Method 1-3-2] Method 2 for manufacturing compound (1 c) 

55 [0121] 
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^°-~R 3 lstep1-31] ^S^R 3 [step1 . 32] 



^X-~R> 



,1-33] 



0 ^ r i |step1-34] 



xa„~. 



(wherein R 3 is defined as above; in the formula, R 15 represents a C|_ 6 alkyl group which may be substituted with a 
halogen or the like; L represents a leaving group such as a halogen atom, a p-toluenesulfonyl group and a trifluor- 
omethanesulfonyl group.) 

[0122] Compound (1c-1 0), compound (1c-10-1 ) and compound (1 c-1 0-2) which are commercially available products 
25 can be used as is or they can also be manufactured from commercially available products by the known methods. 

[Step 1-27] 

[0123] This step is a step wherein compound (1 c-1 1 ) is obtained by reacting compound (1 c-1 0) with an organophos- 
30 phorous compound, an azo reagent and compound (1 c-1 0-1). There are no particular limitations on the solvent used in 
this reaction as long as it dissolves the starting materials to a certain extent without impeding the reaction. Examples of 
the solvents used in this reaction include ether solvents such astetrahydrofuran and diethyl ether; aromatic hydrocarbon 
solvents such as benzene and toluene; amide solvents such as N,N-dimethylformamide and N-methylpyrrolidinone; 
ethyl acetate; acetonitrile; methylene chloride; mixed solvents of the foregoing and the like. Examples of the organo- 
35 phosphorous compound include triphenyl phosphine, tri-n-butyl phosphine and the like. Examples of the azo compound 
include ester derivatives such as diethyl azodicarboxylate and diisopropyl azodicarboxylate, and amide derivatives such 
as 1 ,1 '-(azodicarbonyl)dipiperidine. Compound (1 c-1 0-1 ) is used in the amount of 1 to 1 .5 equivalents based on compound 
(1c-10). The organophosphorous compound is used in the amount of 1 to 3 equivalents based on compound (1c-10). 
The azo reagent is used in the amount of 1 to 3 equivalents based on compound (1c-10). The reaction temperature is 
40 from 0°C to reflux temperature, and the reaction time is from 5 minutes to 24 hours. 

[Step 1-28] 

[0124] This step is a step wherein compound (1 c-1 1) is obtained by reacting compound (1 c-1 0) with compound (1 c- 
45 1 o-2), in the presence of a base. There are no particular limitations on the solvent used in this reaction as long as it 
dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvents used in this 
reaction include ether solvents such as tetrahydrofuran, diethyl ether or the like; aromatic hydrocarbon solvents such 
as benzene, toluene or the like; amide solvents such as N,N-dimethylformamide, N-methylpyrrolidinone or the like; 
alcohol solvents such as methanol, ethanol or the like; dimethyl sulfoxide; mixed solvents of the foregoing and the like. 
so Examples of the base include sodium hydride, potassium f-butoxide, sodium ethoxide, sodium methoxide, N,N-diiso- 
propylethylamine, triethylamine, potassium hydroxide, sodium hydroxide, potassium carbonate, sodium carbonate and 
the like. The base is used in the amount of 1 to 5 equivalents based on compound (1 c-1 0-2). Compound (1 c-1 0-2) is 
used in the amount of 1 to 20 equivalents based on compound (1c-10). The reaction temperature is from 0°C to reflux 
temperature, and the reaction time is from 5 minutes to 6 hours. 

55 

[Step 1-29] 

[0125] This step is astep wherein compound (1 c-1 2) is obtained by reacting compound (1 c-1 1) with peroxide. Examples 
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of the peroxide used in this reaction include m-chloroperbenzoic acid, hydrogen peroxide, dimethyldioxirane, benzoyl 
peroxide, peracetic acid or the like. There are no particular limitations on the solvent used in this reaction as long as it 
dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvent include halogen 
solvents such as chloroform and methylene chloride; alcohol solvents such as methanol and ethanol; amide solvents 
5 such as N,N-dimethylformamide and N-methylpyrrolidinone; aromatic hydrocarbon solvents such as benzene and tol- 
uene, diethyl ether; acetone; acetonitrile; acetic acid; water or the like. Peroxide is used in the amount of 1 to 5 equivalents 
based on compound (1c-1 1). The reaction temperature is from -40°C to reflux temperature, and the reaction time is from 
1 minute to 48 hours. 

JO [Step 1-30] 

[0126] This step is a step wherein compound (1 c-1 3) is obtained by reacting compound (1c-1 2) with an acid anhydride. 
Examples of the acid anhydride used in this reaction include acetic anhydride, trifluoroacetic acid anhydride, or the like. 
There are no particular limitations on the solvent used in this reaction as long as it dissolves the starting materials to a 
is certain extent without impeding the reaction. Examples of the sovent include halogen solvents such as chloroform and 
methylene chloride; aromatic hydrocarbon solvents such as benzene and toluene; acetic acid, trifluoroacetic acid or the 
like. Acid anhydride can also be used as the solvent. Acid anhydride is used in the amount of 1 equivalent to excess 
based on compound (1c-12). The reaction temperature is from 0°Cto reflux temperature, and the reaction time is from 
10 minutes to 24 hours. 

20 

[Step 1-31] 

[0127] This step is a step wherein compound (1 c-1 4) is obtained by hydrolyzing compound (1c-13). Compound (1c- 
1 4) can be obtained by hydrolyzing compound (1 c-1 3), for instance, in the presence of an acid such as sulfuric acid, or, 

25 for instance, in the presence of an alkali such as sodium hydroxide, potassium hydroxide, sodium methoxide, potassium 
carbonate or sodium carbonate. There are no particular limitations on the solvent used in this reaction as long as it 
dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvent include ether 
solvents such as 1 ,4-dioxane and tetrahydrofuran; alcohol solvents such as methanol and ethanol; halogen solvents 
such as methylene chloride and chloroform; aromatic hydrocarbon solvents such as benzene and toluene; amide solvents 

so such as N,N-dimethylformamide and N-methylpyrrolidinone; dimethyl sulfoxide, acetonitrile, water, mixed solvents of 
the foregoing or the like. The acid or the base is used in the amount of 1 equivalent to excess based on compound (1c- 

13) . The reaction temperature is from 0°C to reflux temperature, and the reaction time is from 10 minutes to 24 hours. 

[Step 1 -32] 

35 

[0128] This step is a step wherein compound (1c-15) is obtained by converting the hydroxyl group of compound (1c- 

14) to a leaving group. 

[01 29] When L is a methanesulfonyloxy group, p-toluenesulfonyloxy group or other sulfuric acid ester; compound (1 c- 

15) can be obtained by reacting compound (1c-14) with sulfonyl chloride under basic conditions. There are no particular 
40 limitations on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent without 

impeding the reaction. Examples of the solvent include ether solvents such as 1,4-dioxane and tetrahydrofuran; aromatic 
hydrocarbon solvents such as benzene and toluene; amide solvents such as N,N-dimethylformamide and N-methylpyr- 
rolidinone; and dimethyl sulfoxide, methylene chloride, mixed solvents of the foregoing and the like. Examples of the 
base include triethylamine, N,N-diisopropylethylamine and the like. Examples of the sulfonyl chloride include meth- 

45 anesulfonyl chloride, p-toluenesulfonyl chloride and the like. The base is used in the amount of 1 to 3 equivalents based 
on compound (1c-14). The sulfonyl chloride is used in the amount of 1 to 2 equivalents based on compound (1c-14). 
The reaction temperature is from 0°C to room temperature, and the reaction time is from 10 minutes to 24 hours. 
[0130] When L is a chlorine atom or a bromine atom; compound (1c-15) can be obtained by halogenating compound 
(1c-14) with tetrachloromethane ortetrabromomethane in the presence of triphenylphosphine. There are no particular 

so limitations on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent without 
impeding the reaction. Examples of the solvent include ether solvents such as tetrahydrofuran; amide solvents such as 
N,N-dimethylformamide and N-methylpyrrolidinone; and methylene chloride, mixed solvents of the foregoing and the 
like. The tetrachloromethane ortetrabromomethane can also be used as the solvent. The triphenylphosphine is used 
in the amount of 1 to 2 equivalents based on compound (1c-14). The tetrachloromethane ortetrabromomethane is used 

55 in the amount of 1 equivalent to the solvent amount based on compound (1c-14). The reaction temperature is from 0°C 
to reflux temperature, and the reaction time is from 10 minutes to 12 hours. 

[0131] Compound (1c-15) can also be obtained from compound (1c-14) according to the methods described below 
as Alternative Methods (1), (2) and (3). Alternative Method (1): Compound (1c-14) can be converted into compound (1c- 
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1 5) under acidic conditions. There are no particular limitations on the solvent used in this reaction as long as it dissolves 
the starting materials to a certain extent without impeding the reaction. Examples of the solvent include ether solvents 
such as diethyl ether; water, ethyl acetate, mixed solvents of the foregoing and the like. In this reaction, a phase-transfer 
agent such as tetrabutylammonium bromide can be used in the amount of 0.01 to 2 equivalents based on compound 

5 (1 c-1 4). Examples of the acid include hydrochloric acid, hydrobromic acid and the like. Sulfuric acid can also be added 
to obtain good results. The reaction temperature is from 0°C to room temperature, and the reaction time is from 10 
minutes to 12 hours. Alternative Method (2): Compound (1c-15) can be obtained by reacting compound (1c-14) with 
thionyl chloride. There are no particular limitations on the solvent used in this reaction as long as it dissolves the starting 
materials to a certain extent without impeding the reaction. Examples of the solvent include aromatic hydrocarbon 

10 solvents such as benzene and toluene; and acetonitrile, chloroform, methylene chloride and the like, and the thionyl 
chloride can also be used as the solvent. Pyridine can also be added to the reaction in a catalytic amount to improve 
the yield. The thionyl chloride is used in the amount of 1 equivalent to the solvent amount based on compound (1c-14). 
The reaction temperature is from 0°C to reflux temperature, and the reaction time is from 10 minutes to 12 hours. 
Alternative Method (3): Compound (1 c-1 5) can be obtai ned by reacting compound (1 c-1 4) with phosphorus halide. There 

is are no particular limitations on the solvent used in this reaction as long as it dissolves the starting materials to a certain 
extent without impeding the reaction. Examples of the solvent include ether solvents such as diethyl ether; N,N-dimeth- 
ylformamide, acetonitrile, chloroform and the like. Examples of the phosphorus halide include phosphorus oxychloride, 
phosphorus trichloride, phosphorus tribromide and the like. The phosphorus halide is used in the amount of 0.33 to 3 
equivalents based on compound (1 c-1 4). The reaction temperature is from 0°C to reflux temperature, and the reaction 

20 time is from 10 minutes to 12 hours. 

[Step 1-33] 

[0132] This step is a step wherein compound (1c-16) is obtained by converting the leaving group of compound (1c- 
25 15) to a cyano group. To obtain good results, an inorganic salt such as sodium iodide or the like may also be added in 
the amount of 1 to 2 equivalents based on compound (1c-15). Examples of the cyanization agent used in this reaction 
include sodium cyanide, potassium cyanide, lithium cyanide orthe like. There are no particular limitations on the solvent 
used in this reaction as long as it dissolves the starting materials to a certain extent without impeding the reaction. 
Examples of the solvent include alcohol solvents such as methanol and ethanol; ether solvents such as 1,4-dioxane 
so and tetrahydrofuran; amide solvents such as N,N-dimethylformamide and N-methylpyrrolidinone; dimethyl sulfoxide; 
acetonitrile; acetone; water; mixed solvents of the foregoing orthe like. The cyanidation agent is used in the amount of 
1 to 5 equivalents based on compound (1 c-1 5). The reaction temperature is from room temperature to reflux temperature, 
and the reaction time is from 30 minutes to 48 hours. 

35 [Step 1-34] 

[0133] This step is a step wherein compound (1 c-1 7) is obtained by reacting compound (1 c-1 6) with hydroxylammonium 
chloride. Examples of the base used in this reaction include pyridine, sodium acetate, potassium acetate, sodium bicar- 
bonate, sodium carbonate, sodium hydroxide, potassium hydroxide orthe like. There are no particular limitations on the 

40 solvent used in this reaction as long as it dissolves the starting materials to a certain extent without impeding the reaction. 
Examples of the solvent include halogenated hydrocarbons such as dichloromethane and chloroform; sulfoxides such 
as dimethyl sulfoxide; ethers such as tetrahydrofuran and 1 ,4-dioxane; alcohols such as methanol and ethanol; amides 
such as N-methylpyrrolidinone, N,N-dimethylformamide and N,N-dimethylacetamide; pyridine; water, mixed solvents of 
the foregoing, or the like. Hydroxylammonium chloride is used in the amount of 1 to 5 equivalents based on compound 

45 (1 c-1 6). The base is used in the amount of 1 equivalent to excess based on compound (1 c-1 6). The reaction temperature 
is from 0°C to reflux temperature, and the reaction time is from 1 0 minutes to 48 hours. 

[Step 1 -35] 

so [0134] This step is a step wherein compound (1c-18) is obtained by reacting compound (1c-17) with sodium nitrite 
and a chlorine source. Examples of the chlorine source used in this reaction include hydrochloric acid, copper chloride 
or the like. There are no particular limitations on the solvent used in this reaction as long as it dissolves the starting 
materials to a certain extent without impeding the reaction. Examples of the solvent include ether solvents such as 1 ,4- 
dioxane and tetrahydrofuran; amide solvents such as N,N-dimethylformamide and N-methylpyrrolidinone; dimethyl sul- 

55 foxide; acetonitrile; acetone; hydrochloric acid aqueous solution; water; mixed solvents of the foregoing, or the like. 
Sodium nitrite can be used in the amount of 1 to 10 equivalents based on compound (1c-1 7). The chlorine source can 
be used in the amount of 1 equivalent to excess based on compound (1c-17). The reaction temperature is from -40°C 
to reflux temperature, and the reaction time is from 1 minute to 24 hours. 
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[Manufacturing Method 1-3-3] Method 1 for manufacturing compound (1c-1): 
[0135] 




HO-R 3 
(1e-19-1) 



[step1-36] 
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/ [step1-37] 
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(1c-20) 



\ (lc-20-1) / 
[step1-38] 



(wherein R 3 and L are defined as above.) 

[0136] Compound (1c-19), compound (1c-20), compound (1c-19-1) and compound (1c-20-1) which are commercially 
available products can be used as is, or they can be obtained from commercially available products by the well known 
methods. 



[0137] This step is a step wherein compound (1c-21) is obtained by reacting compound (1c-19) with compound (1c- 
19-1) in the presence of a base. Compound (1 c-21)can be manufactured according to the methods similar to those of 
[Step 1-28]. 



[0138] This step is a step wherein compound (1c-21) is obtained by reacting compound (1c-20) with an organophos- 
phorous compound, an azo reagent and compound (1c-19-1). Compound (1c-21) can be manufactured according to 
the methods similar to those of [Step 1 -27]. 



[0139] This step is a step wherein compound (1 c-21 ) is obtained by reacting compound (1 c-20) with compound (1 c- 
20-1 ) in the presence of a base. A catalytic amount of sodium iodide, potassium iodide or tetrabutylammonium iodide 
can be added to obtain good results, and a copper catalyst can also be added in orderto obtain good results. There are 
no particular limitations on the solvent used in this reaction as long as it dissolves the starting materials to a certain 
extent without impeding the reaction. Examples of the solvents used in this reaction include ether solvents such as 
tetrahydrofuran and diethyl ether; aromatic hydrocarbon solvents such as benzene and toluene; amide solvents such 
as N,N-dimethylformamide and N-methylpyrrolidinone; alcohol solvents such as methanol and ethanol; and dimethyl 
sulfoxide, mixed solvents of the foregoing and the like. Examples of the base include sodium hydride, potassium ?-bu- 
toxide, sodium ethoxide, sodium methoxide, N,N-diisopropylethylamine, triethylamine, potassium hydroxide, sodium 
hydroxide, potassium carbonate, sodium carbonate and the li ke. Examples of the copper catalysts include copper, copper 
(I) iodide, copper (I) bromide, copper (I) chloride and the like. Compound (1c-20-1) is used in the amount of 1 to 5 
equivalents based on compound (1 c-20). The base is used in the amount of 1 to 5 equivalents based on compound (1 c- 
20). The copper catalyst can be used in the amount of 0.01 to 0.3 equivalents based on compound (1b-20).The reaction 
temperature is from 0°C to reflux temperature, and the reaction time is from 5 minutes to 48 hours. 

[Manufacturing Method 1-3-4] Method 2 for manufacturing compound (1c-1): 



[Step 1 -36] 



[Step 1 -37] 



[Step 1-38] 



[0140] 
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[step1-39) 
(1C-22) (1c-23) 



(wherein R 3 is defined as above.) 

[0141] Compound (1c-22) and Compound (1c-1 0-1 ) may be commercially available products or can also be manu- 
factured from the commercially available products by the well known methods. 



[0142] This step is a step wherein compound (1c-23) is obtained by reacting compound (1c-22) with compound (1c- 
1 0-1 ) in the presence of a base. A copper catalyst can also be added in this reaction. There are no particular limitations 
on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent without impeding the 
reaction. Examples of the solvents used in this reaction include ether solvents such as tetrahydrofuran and diethyl ether; 
aromatic hydrocarbon solvents such as benzene and toluene; amide solvents such as N,N-dimethylformamide and N- 
methylpyrrolidinone; alcohol solvents such as methanol and ethanol; and dimethyl sulfoxide, mixed solvents of the 
foregoing and the like. Examples of the base include sodium hydride, potassium f-butoxide, sodium ethoxide, sodium 
methoxide, potassium hydroxide, sodium hydroxide and the like. Examples of the copper catalyst include copper, copper 
(I) iodide, copper (I) bromide, copper (I) chloride and the like. The base is used in the amount of 1 to 5 equivalents based 
on compound (1c-10-1). Compound (1 c-1 0-1 ) is used in the amount of 1.0 to 3.0 equivalents based on compound (1c- 
22). The copper catalyst can be used in the amount of 0.01 to 1 equivalents based on compound (1 c-1 0-1). The reaction 
temperature is from room temperature to reflux temperature, and the reaction time is from 1 0 minutes to 48 hours. 

[Manufacturing Method 1-3-5] Method 3 for manufacturing compound (1c-1), (1c-2) and (1c-6) 

[0143] 



5) (1C-30) 

"ix.— "V, 



[K»p1-45) (1C-30) 



(1o28) 

l-r' |step1 _, 4l 



(wherein Hal, L, R 3 , R 13 and R 13 ' is defined as above; in addition, R 16 and R 17 represent a halogen group, a C^g alkyl 
group and a C^g alkoxy group; Hal 1 represents a chlorine atom and a bromine atom; M 1 represents a magnesium 
atom and a zinc atom.) 
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[0144] Compound (1c-24), compound (1c-25), compound (1c-19-1), compound (1c-20-1), compound (1c-24-1) and 
compound (1c-26-1) which are commercially available products can be used as is, or they can be manufactured from 
commercially available products by the known methods. 

[Step 1 -40] 

[0145] This is a step wherein compound (1c-25) is obtained by converting compound (1c-24) into an organometallic 
compound by substituting a metal atomfor a halogen atom of compound (1c-24), and then applying aformylating reagent. 
There are no particular limitations on the solvent used in this step as long as it dissolves the starting materials to a certain 
extent without impeding the reaction, but diethyl ether is desirable. Exmaples of the organometallic compounds include 
organolithium compounds obtained by applying a base such as n-butyl lithium, s-butyl lithium, f-butyl lithium or the like. 
The temperature at which the organolithium compound is to be prepared is from -100°C to room temperature, and 
preferably from -78°Cto -40°C. The base can be used in the amount of 1 to 1.2 equivalents based on compound (1c- 
24), and the reaction time is from 10 minutes to 24 hours. Examples of the formylating reagent include N,N-dimethyl- 
formamide, N-formylpiperidine, N-formylmorpholine, N-methylformanilide or the like. The formylating reagent can be 
used in the amount of 1 to 20 equivalents based on compound (1c-24), and preferably 1 to 2 equivalents. The temperature 
for reacting the organometallic compound and the formylating reagent is from -78°C to room temperature, and the 
reaction time is from 5 minutes to 24 hours. 

[Step 1-41] 

[0146] This step is a step wherein compound (1 c-26) is obtained by protecting the formyl group of compound (1c-25) 
with an acetal, in the presence of an alcohol and an acid catalyst. Preferable exmaples of alcohol used in this reaction 
include methanol, ethanol, ethylene glycol, propylene glycol orthe like. Examples of the acid caltalyst include hydrochloric 
acid, sulfuric acid, p-toluenesulfonic acid, acetic acid, ammonium chloride orthe like. There are no particular limitations 
on the solvent used in this step as long as it dissolves the starting materials to a certain extent without impeding the 
reaction. Examples of the solvent include alcohol solvents such as methanol, ethanol and ethylene glycol; aromatic 
hydrocarbon solvents such as benzene and toluene; halogenated hydrocarbon solvents such as dichloromethane and 
chloroform, or the like. The alcohol is used in the amount of 1 equivalent to the solvent amount based on compound 
(1 c-25). The acid catalyst is used in the amount of 0.05 equivalents to excess based on compound (1 c-25). The reaction 
temperature is from room temperature to reflux temperature, and the reaction time is from 1 0 minutes to 24 hours. 

[Step 1-42] 

[0147] This step is a step wherein compound (1c-27) is obtained by converting compound (1 c-26) into an organometallic 
compound by substituting a metal atom for a halogen atom of compound (1 c-26), and then applying a formylation reagent. 
Compound (1c-27) can be manufactured according to the methods similar to those of [Step 1-15]. 

[Step 1-43] 

[0148] This step is a step wherein compound (1c-28) is obtained by reducing compound (1c-27). Examples of the 
reducing agent used in this reaction include sodium borohydride, lithium borohydride, lithium aluminumhydride, orthe 
like. There are no particular limitations on the solvent used in this reaction as long as it dissolves the starting materials 
to a certain extent without impeding the reaction. Examples of the solvent include alcohol solvents such as methanol 
and ethanol; ether solvents such as diethyl ether and tetrahydrofuran; aromatic hydrocarbon solvents such as benzene 
and toluene; halogenated hydrocarbon solvents such as dichloromethane and chloroform; water, mixed solvents of the 
foregoing, orthe like. Preferably alcohol solvents are desirable when using a reducing agent such assodium borohydride; 
ether solvents are desirable when using a reducing agent such as lithium aluminumhydride. The reducing agent is used 
in the amount of 0.25 to 4 equivalents based on compound (1c-27). The reaction temperature is from 0°C to reflux 
temperature, and the reaction time is from 5 minutes to 24 hours. 

[Step 1-44] 

[0149] This step is a step wherein compound (1c-29) is obtained by reacting compound (1c-28) and compound (1c- 
20-1), in the presence of abase. Compound (1c-29) can be obtained according to the methods similar to those of [Step 
1-38]. 
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[Step 1-45] 



[0150] This step is a step wherein compound (1c-30) is obtained by reacting compound (1c-24) and compound (1c- 
24-1 ), in the presence of a base. Compound (1 c-30) can be manufactured according to the methods similar to those of 
[Step 1 -39]. 



[0151] This step is a step wherein compound (1 c-31 ) is obtained by reacting compound (1 c-24) and compound (1c- 
19-1), in the presence of abase. Compound (1 c-31) can be manufactured according to the methods similar to those of 
[Step 1-39]. 



[0152] Thisstep is astep wherein compound (1c-32) is obtained by converting compound (1 c-31) into an organometallic 
compound by substituting a metal atom for a halogen atom of compound (1 c-31), and then reacting with a formylating 
agent. Compound (1c-32) can be manufactured according to the methods similar to those of [Step 1-15]. 



[0153] This step is a step wherein compound (1 c-32) is obtained by reacting compound (1c-25) and compound (1c- 
1 9-1 ), in the presence of a base. Compound (1 c-32) can be manufactured according to the methods similar to those of 
[Step 1-39]. 



[0154] This step is a step wherein compound (1c-33) is obtained by reacting compound (1c-26) and compound (1c- 
26-1 ), in the presence of a nickel catalyst. There are no particular limitations on the solvent used in this reaction as long 
as it dissolves the starting materials to a certain extent without impeding the reaction. Preferable examples of the solvent 
include ether solvents such as tetrahydrofuran, dioxane and diethyl ether. Examples of the nickel catalyst include 1 ,3- 
bis(diphenylphosphino)propane nickel (II) chloride, bis(triphenylphosphine) nickel (II) chloride, 1 ,2-bis(diphenylphosphi- 
no)ethane nickel (II) chloride, 1,1'-bis(diphenylphosphino)ferrocene nickel (II) chloride or the like. Compound (1c-26-1) 
is used in the amount of 1 to 2 equivalents based on compound (1c-26), and the nickel catalyst is used in the amount 
of 0.02 to 0.2 equivalents based on compound (1 c-26). The reaction temperature is from -1 0°C to 80°C, and the reaction 
time is from 30 minutes to 12 hours. 

[0155] In addition, when M 1 is a zinc atom, compound (1c-26-1) can be prepared in situ and used in the reaction, as 
describe below. The reaction in [Step 1-49] can be carried out by synthesizing compound (1c-26-1) in situ using benzyl 
halide and activated zinc. In this case, the activated zinc is used in the amount of 1 to 1 .3 equivalents based on benzyl 
halide. The reaction temperature for obtaining compound (1c-26-1) is from -10°C to room temperature, preferably from 
-5°C to 1 0°C, and the reaction time is from 1 hour to 1 0 hours. 

[Manufacturing Method 1-3-6] Method 1 for manufacturing compound (1c-2) 



[Step 1 -46] 



[Step 1-47] 



[Step 1-48] 



[Step 1-49] 



[0156] 




|ste P 1-5l] 



lstepl-53) 
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(wherein R 18 , R 19 , R 20 and R 21 represent a halogen, a C^g alky) group and a C-,_ 6 alkoxy group.) 
[0157] Compound (1c-34), compound (1c-34-1), compound (1c-34-2), compound (1 c-34-3) and compound (1c-34-4) 
which are commercially available products can be used as is, or they can also be manufactured from commercially 
available products by the known methods. 



[01 58] This step is a step wherein compound (1 c-35) is obtained by converting compound (1 c-34) into an organometallic 
compound by substituting a metal atom for a halogen atom of compound (1 c-34), and then reacting with compound (1 c- 
34-1). There are no particular limitations on the solvent used in this reaction as long as it dissolves the starting materials 
to a certain extent without impeding the reaction. Preferable examples of the solvent include ether solvents such as 
tetrahydrofuran and diethyl ether. Examples of the organometallic compound include organolithium compounds obtained 
by applying a base such as n-butyl lithium, s-butyl lithium, f-butyl lithium, lithium diisopropyl amide, or the like. The 
temperature at which the organohtnium compound is to be prepared is from -78°C to room temperature, preferably from 
-78°C to -40°C. The base is used in the amount of 1 to 1.5 equivalents based on compound (1c-34). The reaction time 
is from 30 minutes to 24 hours. Compound (1c-34-1) is used in the amount of 1 to 2 equivalents based on compound 
(1 c-34). The temperature for reacting the organometallic compound and compound (1c-34-1) is from -78°C to room 
temperature, and the reaction time is from 5 minutes to 12 hours. 



[0159] This step is a step wherein compound (1c-35) is obtained by reacting compound (1c-34) and compound (1c- 
34-2), in the presence of a base. There are no particular limitations on the solvent used in this reaction as long as it 
dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvent include ether 
solvents such as tetrahydrofuran and diethyl ether; aromatic hydrocarbon solvents such as benzene and toluene; amide 
solvents such as N,N-dimethylformamide and N-methylpyrrolidinone; alcohol solvents such as methanol and ethanol; 
dimethyl sulfoxide, mixed solvents of the forgoing, or the like. Examples of the base include sodium hydride, potassium 
f-butoxide, sodium ethoxide, sodium methoxide, potassium hydroxide, sodium hydroxide or the like. The base is used 
in the amount of 1 to 5 equivalents based on compound (1c-34). Compound (1c-34-2) is used in the amount of 1 to 2 
equivalents based on compound (1 c-34). The reaction temperature is from room temperature to reflux temperature, and 
the reaction time is from 5 minutes to 24 hours. 



[01 60] This step is astep wherein compound (1 c-36) is obtained by converting compound (1 c-34) into an organometallic 
compound by substituting a metal atom for a halogen atom of compound (1c-34), and then reacting compound (1c- 
34-3). Compound (1 c-36) can be manufactured according to the methods similar to those of [Step 1 -50], 



[0161] This step is a step wherein compound (1c-36) is obtained by reacting compound (1 c-34) and compound (1 c- 
34-4) in the presence of a base. Compound (1 c-36) can be manufactured according to the methods similar to those of 
[Step 1-51]. 

[Manufacturing Method 1-3-7] Method 2 for manufacturing compound (1c-2) 



[Step 1-50] 



[Step 1-51] 



[Step 1-52] 



[Step 1-53] 



[0162] 




(1C-37) 



(1C-38) 



(wherein Hal is defined as above; R 22 and R 23 represent a halogen atom, a C^g alkyl group and a C^g alkoxy group.) 
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[0163] Compound (1 c-37) and compound (1 c-37-1) which are commercially available products can be used as is, 
or they can be manufactured from commercially available products by the known methods. 

[Step 1 -54] 

[01 64] This step is a step wherein compound (1 c-38) is obtained by converting compound (1 c-37) into an organometallic 
compound by substituting a metal atom for the hydrogen atom at position 5 of compound (1c-37), and then reacting with 
compound (1 c-37-1). There are no particular limitations on the solvent used in this reaction as long as it dissolves the 
starting materials to a certain extent without impeding the reaction. Preferable examples of the solvent include ether 
solvents such as tetrahydrofuran and diethyl ether. Examples of the organometallic compound include organolithium 
compounds obtained by applying a base such as n-butyl lithium, s-butyl lithium, f-butyl lithium, lithium diisopropyl amide 
or the like. The temperature at which the organolithium compound is to be preparted is from -78°C to room temperature, 
preferably from -78°C to -40°C. The base is used in the amount of 1 to 1 .5 equivalents based on compound (1 c-37). 
The reaction time is from 30 minutes to 24 hours. Compound (1c-37-1 ) is used in the amount of 1 to 2 equivalents based 
on compound (1c-37). The temperature for reacting the organometallic compound and compound (1 c-37-1) is from 
-78°C to room temperature. The reaction time is from 5 minutes to 12 hours. 

[Manufacturing Method 1-3-8] Method 1 for manufacturing compound (1c-3): 

[0165] 



to^Y^W 0 " ( 1c - 2 °-, 1 > HO-^^L/°" 



(wherein R 3 and L are defined as above.) 

[0166] Compound (1c-39) and Compound (lc-20-1) may be commercially available products or can also be manu- 
factured from the commercially available products by the well known methods. 



[0167] This step is a step wherein compound (1c-40) is obtained by reacting compound (1 c-39) with compound (1 c- 
20-1). Compound (1 c-20-1) is used in the amount of 0.2 to 1.0 equivalents based on compound (1c-39). Compound 
(1c-40) can be manufactured according to the methods similar to those of [Step 1-38]. 

[Manufacturing Method 1-3-9] Method 2 for manufacturing compound (1c-3): 

[0168] 
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(1c-43) (1c-44) 



(wherein R 3 , R 13 , R 13 ' and Hal are defined as above.) 

[0169] Compound (1c-41 ) and compound (1 c-41 -1 ) may be commercially available products or can also be manufac- 
20 tured from the commercially available products by the well known methods. 

[Step 1-56] 

[0170] This step is a step wherein the halogen atom in compound (1c-41) is replaced with a metal atom to obtain an 
25 organometallic compound, which is then reacted with compound (1 c-41 -1 ) to obtain compound (1c-42). There are no 
particular limitations on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent 
without impeding the reaction. Examples of the solvents used in this reaction include ether solvents such as tetrahydro- 
furan and diethyl ether; aromatic hydrocarbon solvents such as benzene and toluene; mixed solvents of the foregoing 
and the like. Examples of the reagent for converting compound (1c-41) into an organometallic compound include n-butyl 
so lithium, s-butyl lithium, ethyl magnesium bromide, ethyl magnesium chloride, isopropyl magnesium chloride, magnesium, 
zinc and the like. The reagent for converting compound (1c-41) into an organometallic compound is used in the amount 
of 1 to 3 equivalents based on compound (1c-41). Compound (1 c-41 -1) is used in the amount of 1 to 2 equivalents based 
on compound (1 c-41 ). The reaction temperature in the reaction for converting compound (1 c-41 ) into an organometallic 
compound is from -78°C to reflux temperature, with a reaction time being from 10 minutes to 12 hours. The reaction 
35 temperature in the reaction of adding compound (1 c-41 -1) is from -78°Cto room temperature, with a reaction time being 
from 1 0 minutes to 6 hours. 

[Step 1 -57] 

40 [0171] This step is a step wherein compound (1 c-43) is obtained by deprotecting the acetal of compound (1c-42). 
Compound (1c-43) is manufactured according to the methods similar to those of [Step 1-16], 

[Step 1-58] 

45 [0172] This step is a step wherein compound (1 c-43) is obtained by reacting compound (1c-41) with compound (1c- 
41-1). In this step, compound (1c-42) is obtained according to the methods similar to those of [Step 1-56], after which 
an acid is added in the reaction system or at the work-up stage to obtain compound (1c-43). Examples of the acids used 
in this reaction include inorganic acids such as hydrochloric acid, sulfuric acid and hydrobromic acid; organic acids such 
as citric acid, trifluoroacetic acid and p-toluenesulfonic acid; acidic silica gels and the like. The acid can be used in the 

so amounts of from the catalytic amount to the solvent amount based on Compound (1c-41). The reaction temperature is 
from 0°C to the reflux temperature of the solvent, and the reaction time is from 5 minutes to 24 hours. 

[Step 1-59] 

55 [01 73] This step is a step wherein compound (1 c-44) is obtained by reducing compound (1 c-43). There are no particular 
limitations on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent without 
impeding the reaction. Examples of the solvents used in this reaction include ether solvents such as tetrahydrofuran 
and diethyl ether; aromatic hydrocarbon solvents such as benzene and toluene; and the like. Examples of the reducing 
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agent include lithium aluminum hydride-aluminum chloride and the like. The lithium aluminum hydride is used in the 
amount of 2 to 6 equivalents based on compound (1c-43). The aluminum chloride is used in the amount of 2 to 9 
equivalents based on compound (1 c-43). The reaction temperature is from 0°C to reflux temperature, and the reaction 
time is from 1 0 minutes to 48 hours. 

[Manufacturing Method 1-3-10] Method 3 for manufacturing compound (1c-3) 
[0174] 




(wherein Hal is defined as above; R 24 represents a hydrogen atom, a halogen, a C V6 alkyl group and a C^g alkoxy 
group, or the like.) 

[0175] Compound (1c-45) and compound (1c-45-1) which are commercially available products can be used as is or 
they can also be manufactured from commercially available products by the known methods. 



[Step 1-60] 

[0176] This step is a step wherein compound (1c-46) is obtained by reacting compound (1c-45) and compound (1c- 
45-1). Compound (1c-46) can be obtained by reacting compound (1c-45) and compound (1c-45-1), for instance, in a 
solvent such as tetrahydrofuran, N,N-dirnethylformamide or dimethyl sulfoxide, for instance, in the presence of a base 
such as potassium f-butoxide. Compound (1c-45-1) is used in the amount of 1 to 1.5 equivalents based on compound 
(1c-45). The base is used in the amount of 1 to 1.5 equivalents based on compound (1c-45). The reaction temperature 
is from room temperature to reflux temperature. The reaction time is from 30 minutes to 24 hours. 



[Step 1-61] 



[0177] This step is a step wherein compound (1c-47) is obtained by reducing the compound (1c-46). Compound (1c- 
47) can be manufactured according to the methods similar to those of [Step 1 -4]. 

[Manufacturing Method 1-3-11] Method 4 for manufacturing compound (1c-3) 



[0178] 





(wherein R 3 , R 7 and Hal are defined as above; in addition, R 25 represents a C^g alkyl group.) 

[0179] Compound (1c-48) and compound (1c-41-1) which are commercially available products can be used as is, or 

they can be manufactured from commercially products by the known methods. 
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[Step 1-62] 

[0180] This step is a step wherein compound (1c-49) is obtained by substituting a phosphorus atom for a halogen 
atom of compound (1c-48). This reaction is carried out by mixing compound (1c-48) and trialkylphosphite in a solvent 
or in the absence of solvent, and heating. There are no particular limitations on the solvent used in this reaction as long 
as it dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvent include 
aromatic hydrocarbon solvents such as toluene and xylene or mixed solvents of the foregoing. The trialkylphosphite is 
added in the amount of 1 to 1.2 equivalents based on compound (1 c-48). The reaction temperature is from 100°C to 
150 °C, and the reaction time is from 30 minutes to 2 hours. 

[Step 1-63] 

[0181] This step is a step wherein compound (1c-50) is obtained by adding a base to compound (1c-49) and then 
reacting with compound (1c-41-1). There are no particular limitations on the solvent used in this reaction as long as it 
dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvent include ether 
solvents such as tetrahydrofuran and 1,4-dioxane; amide solvents such as A/,N-dimethylformamide and A/-methylpyr- 
rolidinone; or mixed solvents of the foregoing. Examples of the base include metal hydrides such as sodium hydride 
and potassium hydride; metal alcoholates such as sodium methoxide and potassium J-butoxide. Compound (1c-41-1) 
is added in the amounts of 1 to 2 equivalents based on compound (1c-49). The reaction temperature is from room 
temperature to 80°C, and the reaction time is from 30 minutes to 12 hours. 

[Step 1-64] 

[0182] This step is a step wherein a double bond of compound (1c-50) is hydrogenated, leading to compound (1c- 
51 ). This step is a reaction whereby hydrogen addition is carried with compound (1 c-50) in a solvent, under a hydrogen 
atmosphere, and using a metal catalyst. There are no particular limitations on the solvent used in this reaction as long 
as it dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvent include 
ether solvents such as tetrahydrofuran and 1 ,4-dioxane; alcohol solvents such as methanol and ethanol; ester solvents 
such as ethyl acetate or mixed solvents of the foregoing. Exmaples of the metal catalyst include palladium (II) oxide, 
palladium hydroxide, platinum (IV) oxide, Raney nickel or the like. The metal catalyst is used in a catalytic amount to 
excess based on compound (1c-50). The reaction temperature is from room temperature to 80°C, the reaction time is 
from 5 minutes to 24 hours. The reaction pressure is from 1 atmosphere to 4 atmospheres. 

[Step 1 -65] 

[0183] This step is a step wherein alcohol product (1c-52) is obtained by reducing the ester group of compound (1c- 
51). There are no particular limitations on the solvent used in this reaction as long as it dissolves the starting materials 
to a certain extent without impeding the reaction. Examples of the solvent include ether solvents such as ether and 
tetrahydrofuran; aromatic hydrocarbon solvents such as toluene and xylene; or mixed solvents of the foregoing. Examples 
of the reducing agent include sodium borohydride, lithium aluminum hydride, diisobutylaluminum hydride, or the like. 
The reducing agent is added in the amount of 0.5 to 2 equivalents of compound (1 c-51). The reaction temperature is 
from -20°Cto reflux temperature of the solvent, and the reaction time is from 10 minutes to 24 hours. 

[Manufacturing Method 1-3-12] Method 5 for manufacturing compound (1c-3)- 

[0184] 




(1C-S3) (1C-54) (1C -55) 
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(wherein R 26 and R 27 represent a halogen atom, a C-,_ 6 alkyl group and a C.,. 6 alkoxy group.) 

[0185] Compound (1c-53) and compound (1c-53-1) which are commercially available products can be used as is, or 

they may be manufactured from commercially available products by the known methods. 

5 [Step 1 -66] 

[0186] This step is a step wherein compound (1c-54) is obtained by reacting compound (1c-53) and compound (1c- 
53-1 ). There are no particular limitations on the solvent used in this reaction as long as it dissolves the starting materials 
to a certain extent without impeding the reaction. Examples of the solvent include alcohol solvents such as ethanol and 
10 methanol, or the like. Compound (1 c-53-1 ) is used in the amount of 1 to 2 equivalents based on compound (1 c-53). The 
reaction temperature is the reflux temperature, and the reaction time is from 30 minutes to 12 hours. 

[Step 1-67] 

is [0187] This step is a step wherein compound (1c-55) is obtained by reducing compound (1c-54). Compound (1c-55) 
can be manufactured according to the methods similar to those of [Step 1 -4], 

[Manufacturing Method 1-3-13] Method 1 for manufacturing compound (1c-4): 



ho-r 

Qe-19-1) 



HO-R-* 
(lc-19-1) 



(1C-57) 



(1c-S0) 

r 



HO-R 
(lc-19-1) 



H 2 N— R 
(lc-56-1) 



H 2 N — R 3 
Qc-56-1) 



j 



(1C-61) 



OHC — R 3 
Qc-41-1) 



55 (wherein R 3 and Hal are defined as above.) 

[0189] Compound (1c-56), compound (1c-58), compound (1c-60), compound (1c-62), compound (1c-64), compound 
(1c-19-1), compound (1c-41-1) and compound (1c-56-1) which are commercially available products can be used as is, 
or they can also be manufactured from the commercially available products by the well known methods. 
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[Step 1 -68] 

[0190] This step is a step wherein compound (1c-57) is obtained by reacting compound (1 c-56) with compound (1c- 
19-1) in the presence of a base. There are no particular limitations on the solvent used in this reaction as long as it 
dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvent used in this 
reaction include ether solvents such as tetrahydrofuran; amide solvents such as N,N-dimethylformamide and N-meth- 
ylpyrrolidinone; alcohol solvents such as methanol and ethanol; and dimethyl sulfoxide, mixed solvents of the foregoing 
and the like. Examples of the base include sodium hydride, potassium f-butoxide, sodium ethoxide, sodium methoxide, 
N,N-diisopropylethylamine, triethylamine, potassium hydroxide, sodium hydroxide, potassium carbonate, sodium car- 
bonate and the like. The base is used in the amount of 1 to 5 equivalents based on compound (1 c-1 9-1 ). Compound 
(lc-19-1) is used in the amount of 1 equivalent to the solvent amount based on compound (1c-56). The reaction tem- 
perature is from room temperature to reflux temperature, and the reaction time is from 30 minutes to 48 hours. 

[Step 1 -69] 

[0191] This step is a step wherein compound (1c-59) is obtained by reacting compound (1c-58) with compound (lc- 
19-1). Compound (1 c-59) can be manufactured according to the methods similar to those of [Step 1 -37]. 

[Step 1-70] 

[0192] This step is a step wherein compound (1c-59) is obtained by reacting compound (1 c-60) with compound (1 c- 
19-1). Compound (1 c-59) can be obtained according to the methods similar to those of [Step 1-36]. 

[Step 1-71] 

[0193] This step is a step wherein compound (1 c-61 ) is obtained by reacting compound (1c-56) with compound (1c- 
56-1) in the presence of a palladium catalyst. A phosphine ligand can also be added to the reaction system to obtain 
good results. There are no particular limitations on the solvent used in this reaction as long as it dissolves the starting 
materials to a certain extent without impeding the reaction. Examples of the solvent in this reaction include ether solvents 
such as 1 ,4-dioxane and tetrahydrofuran; alcohol solvents such as methanol and ethanol; aromatic hydrocarbons solvent 
such as toluene and xylene; amide solvents such as N,N-dimethylformamide and N-methylpyrrolidinone; and dimethyl 
sulfoxide, mixed solvents of the foregoing and the like. Examples of palladium catalyst include palladium (II) acetate, 
tris(dibenzylidenacetone)dipalladium (0), dichlorobis(triphenylphosphine)palladium (II), dichlorobis(tri-o-tolylphosphine) 
palladium (II), bis(tri-f-butylphosphine)palladium (0), tetrakis(triphenylphosphine)palladium (0), palladium (0) pentadi- 
enone and the like. Examples of the phosphine ligand include triphenylphosphine, tri-o-tolylphosphine, tri-f-butylphos- 
phine, diphenylphosphinoferrocene, 2-dicyclohexylphosphinobiphenyl, 2-di-f-butylphosphinobiphenyl, 2,2'-bis(diphenyl- 
phosphino)-1 ,1 '-binaphthyl (BINAP) and the like. Examples of the base include sodium f-butoxide, cesium carbonate, 
potassium carbonate, potassium phosphate and the like. Compound (1c-56-1) is used in the amount of 1 equivalent to 
excess based on compound (1c-56). The palladium catalyst is used in the amount of 0.01 to 0.3 equivalents based on 
compound (1c-56). The phosphine ligand is used in the amount of 0.01 to 1.2 equivalents based on compound (1c-56). 
The base is used in the amount of 1 to 4 equivalents based on compound (1c-56). The reaction temperature is from 
room temperature to reflux temperature, and the reaction time is from 30 minutes to 72 hours. 

[Step 1 -72] 

[0194] This step is a step wherein compound (1c-63) is obtained by a reductive amination in which compound (1c- 
62) is reacted with compound (1c-56-1 ). Acetic acid can also be added to promote the reaction. There are no particular 
limitations on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent without 
impeding the reaction. Examples of the solvent in this reaction include ether solvents such as 1 ,4-dioxane and tetrahy- 
drofuran; alcohol solvents such as methanol and ethanol; and methylene chloride, mixed solvents of the foregoing an 
the like. Examples of the reducing agent include lithium aluminum hydride, sodium borohydride, sodium cyanoborohy- 
dride, sodium triacetoxyborohydride, 2-picoline-borane and the like. Compound (1 c-56-1 ) is used in the amount of 1 to 
2 equivalents based on compound (1c-62). The reducing agent is used in the amount of 0.5 to 2 equivalents based on 
compound (1c-62). The reaction temperature is from room temperature to reflux temperature, and the reaction time is 
from 1 0 minutes to 24 hours. 
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[Step 1-73] 

[0195] This step is a step wherein compound (1c-65) is obtained by a reductive amination in which compound (1c- 
64) is reacted with compound (1c-41-1). Compound (1c-65) can be manufactured according to the methods similar to 
those of [Step 1-72]. 

[Manufacturing Method 1-3-14] Method 2 for manufacturing compound (1c-4): 
[0196] 



(1c-56) 

(wherein R 3 and Hal are defined as above.) 

[0197] Compound (1c-56) and compound (1c-41 -1) which are commercially available products can be used as is, or 
compound (1 c-56) and compound (1 c-41 -1 ) can also be manufactured from commercially available products by the well 
known methods. 

[Step 1-74] 

[0198] This step is a step wherein compound (1 c-66) is obtained by reacting compound (1c-56) with compound (1c- 
41-1). Compound (1c-66) can be manufactured according to the methods similar to those of [Step 1-56]. 

[Step 1-75] 

[0199] This step is a step wherein compound (1c-67) is obtained by reducing compound (1c-66) with iodotrimethylsi- 
lane. There are no particular limitations on the solvent used in this reaction as long as it dissolves the starting materials 
to a certain extent without impeding the reaction. Examples of the solvent include ether solvents such astetrahydrofuran; 
and acetonitrile, methylene chloride and the like, preferably methylene chloride and acetonitrile. The iodotnmethyisilane 
is used in the amount of 2 to 10 equivalents based on compound (1c-66), the reaction temperature is from 0°C to 60°C, 
and the reaction time is from 5 minutes to 6 hours. The iodotrimethylsilane used in the reaction may be a commercially 
available product, or may be prepared at the time of use by reacting sodium iodide and chlorotrimethylsilane in acetonitrile 
at room temperature. 

[Manufacturing Method 1-3-15] Method 3 for manufacturing compound (1c-4): 
[0200] 

OHC-R 3 
(lc-41-1) P H 

(1C-68) (1<^9) ( 1c - 7 °) 

(wherein R 3 is defined as above, and Q represents a sulfur atom and oxygen atom.) 

[0201] Compound (1c-68) and compound (1c-41-1) which are commercially available products can be used as is, or 
they can also be manufactured from the commercially available products by the well known methods. 

[Step 1 -76] 

[0202] This step is a step wherein one of the bromide atoms in compound (1 c-68) is anionized using an organometallic 
reagent, which is reacted with compound (1c-41-1), then the other bromide atom in compound (1c-68) is anionized by 
adding the further organometallic reagent in the same container, which is then reacted with a cyanization reagent to 
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obtain compound (1 c-69). There are no particular limitations on the solvent used in this reaction as long as it dissolves 
the starting materials to a certain extent without impeding the reaction. Examples of the solvent include ether solvents 
such astetrahydrofuran and diethyl ether; aromatic hydrocarbon solvents such as benzene and toluene; mixed solvents 
of the foregoing and the like. Examples of the organometallic reagent include n-butyl lithium, s-butyl lithium and the like. 
Preferable examples of the cyanization reagent include p-toluenesulfonyl cyanide. The organometallic reagent is used 
in the total amount of 2 to 3 equivalents based on compound (1c-68). Compound (1 c-41 -1 ) is used in the amount of 1 
to 1.5 equivalents based on compound (1c-68). The cyanization reagent is used in the amount of 1 to 1.5 equivalents 
based on compound (1c-68). The reaction temperature is from -78°C to room temperature, and the reaction time is from 
10 minutes to 24 hours. 

[Step 1-77] 

[0203] This step is a step wherein compound (1 c-70) is obtained by reducing compound (1c-69). Compound (1c-70) 
can be manufactured according to the methods similar to those of [Step 1 -75]. 

[Manufacturing Method 1-3-16] Method 1 for manufacturing compound (1c-5): 

[0204] 



(1c-66) (1c-71) 



(wherein R 3 is defined as above.) 

[0205] Compound (1 c-66) can be manufactured from a commercially available product by the well known methods, 
or compound (1c-66) can be manufactured according to the methods similar to those of [Step 1-74]. 

[Step 1-78] 

[0206] This step is a step wherein compound (1 c-71 ) is obtained by reducing compound (1 c-66). There are no particular 
limitations on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent without 
impeding the reaction. Examples of the solvent include ether solvents such astetrahydrofuran and diethyl ether; aromatic 
hydrocarbon solvents such as benzene and toluene and the like. Examples of the reducing agent include lithium aluminum 
hydride-aluminum chloride. The lithium aluminum hydride is used in the amount of 3 to 8 equivalents based on compound 
(1c-66). The aluminum chloride is used in the amount of 3 to 10 equivalents based on compound (1c-66). The reaction 
temperature is from 0°C to reflux temperature, and the reaction time is from 10 minutes to 48 hours. 



[Manufacturing Method 1-3-17] Method 2 of manufacturing compound (1 c-5): 




(1c-69) (1c-72) 



(wherein R 3 and Q are defined as above.) 

[0208] Compound (1c-69) can be manufactured from commercially available products by the well known methods, or 
compound (1c-69) can be manufactured according to the methods similar to those of [Step 1-76]. 

[Step 1-79] 

[0209] This step is a step wherein compound (1 c-72) is obtained by reducing compound (1 c-69). Compound (1 c-72) 
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can be manufactured according to the methods similar to those of [Step 1 -78]. 
[Manufacturing Method 1-3-18] Method 1 for manufacturing compound (1c-6): 
[0210] 




(wherein R 3 , R 13 and R 13 ' are defined as above.) 

[0211] Compound (1c-42) can be manufactured from commercially available products by the well known methods, or 
compound (1c-42) can be manufactured according to the methods similar to those of [Step 1-56]. 

[Step 1-80] 

[0212] This step is a step wherein compound (1c-73) is obtained by simultaneous reduction and acetal deprotection 
of compound (1c-42) using iodotrimethylsilane. There are no particular limitations on the solvent used in this reaction 
as long as it dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvent 
include ether solvents such as tetrahydrofuran; acetonitrile, methylene chloride and the like, and preferably methylene 
chloride or acetonitrile. The iodotrimethylsilane is used in the amount of 2 to 10 equivalents based on compound (1c- 
42). The reaction temperature is from 0°C to 60°C, and the reaction time is from 5 minutes to 6 hours. The iodotrimeth- 
ylsilane used in the reaction may be a commercial product, or may be prepared at the time of use by reacting sodium 
iodide and chlorotrimethylsilane in acetonitrile at room temperature. 

[Manufacturing Method 1-3-19] Method 2 for manufacturing compound (1c-6) 

[0213] 




(1c-74) ( 1 o-75) 



(wherein R 28 represent a halogen or a C,_ 6 alkyl group.) 

[0214] Compound (1c-74) and compound (1c-74-1) which are commercially available products can be used as is, or 
they may be manufactured from commercially available products by the known methods. 

[Step 1-81] 

[0215] This step is a step wherein compound (1c-75) is obtained by reacting compound (1c-74) and compound (1c- 
74-1), in the presence of a base. There are no particular limitations on the solvent used in this reaction as long as it 
dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvent include ether 
solvents such as tetrahydrofuran and 1 ,4-dioxane; aromatic hydrocarbon solvents such as benzene and toluene; amide 
solvents such as N,N-dimethylformamide and N-methylpyrrolidinone, dimethyl sulfoxide, mixed solvents of the foregoing, 
orthe like. Examples of the base include sodium hydride, potassium f-butoxide, sodium hydroxide, potassium hydroxide, 
sodium bicarbonate, potassium carbonate or the like. Compound (1c-74) is used in the amount of 0.5 to 2 equivalents 
based on compound (1c-74-1). The base is used in the amount of 0.5 to 5 equivalents based on compound (1c-74-1). 
The reaction temperature is from 100°C to 170°C, and the reaction time is from 30 minutes to 12 hours. 
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[Manufacturing Method 1-3-20] Method 3 for manufacturing compound (1c-6) 
[0216] 



HO, 




o 




V 



(1c-76-1) 
[step1-82] 




(1c-77) 



[ste P 1-«3l H' 



(1c-7S) 



(lc-78) 



(wherein R 29 and R 30 represent a halogen, a C^g alkyl group and a C,_ 6 alkoxy group.) 

[0217] Compound (1c-76), compound (1c-79) and compound (1c- 76-1) which are commercially available products 
can be used as is, or they may be manufactured from commercially available products by the known methods. 



[0218] This step is a step wherein compound (1c-77) is obtained by reacting compound (1c-76) and compound (1c- 
76-1), in the presence of a bas. There are no particular limitations on the solvent used in this reaction as long as it 
dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvent include ether 
solvents such as tetrahydrof uran and 1 ,4-dioxane; aromatic hydrocarbon solvents such as benzene and toluene; amide 
solvents such as N,N-dimethylformamide and N-methylpyrrolidinone; dimethyl sulfoxide, mixed solvents of the foregoing, 
orthelike. Examples of the base include sodium hydride, potassium f-butoxide, sodium hydroxide, potassium hydroxide, 
sodium bicarbonate, potassium carbonate, or the like. Compound (1c- 76-1) is used in the amount of 1 to 2 equivalents 
based on compound (1c-76). The base is used in the amount of 2 to 3 equivalents based on compound (1c-76). The 
reaction temperature is from room temperature to 80°C, and the reaction time is from 30 minutes to 72 hours. 



[0219] This step is a step wherein compound (1c-78) is obtained by reducing the cyano group of compound (1c-77). 
Compound (1c-78) can be manufactured according to the methods similar to those of [Step 1-18]. 



[0220] This step is a step wherein compound (1c-78) is obtained by reacting compound (1c-79) and compound (1c- 
76-1), in the presence of abase. Compound (1c-78) can be obtained according to the methods similar to those of [Step 
1-82]. 

[Manufacturing Method 1-3-21] Method 4 for manufacturing compound (1c-6) 



[Step 1-82] 



[Step 1 -83] 



[Step 1-84] 



[0221] 




(wherein R 31 and R 32 represent a halogen, a C^g alkyl group and a C-,_g alkoxy group.) 
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[0222] Compound (1c-80) and compound (1c-80-1) which are commercially available products can be used as is, or 
they may be manufactured from commercially available products by the known methods. 

[Step 1 -85] 

[0223] This step is a step wherein compound (1 c-81 ) is obtained by reacting compound (1c-80) and compound (1c- 
80-1 ). Examples of the solvent include acetic acid, or the like. Compound (1 c-80-1 ) is used in the amount of 1 equivalent 
based on compound (1c-80). The reaction temperature is from 50°C to 1 1 0°C, and the reaction time is from 5 minutes 
to 1 hours. 

[Manufacturing Method 1 -3-22] Method 5 for manufacturing compound (1c-6) 
[0224] 



o-^Y^l < 1c - S6 - 1 > C^Nj^l . 

l^*\.H [stepi.86] [SOP 1 - 81 



(wherein R 3 is defined as above.) 

[0225] Compound (1c-82) and compound (1c-56-1) which are commercially available products can be used as is, or 
they may be manufactured from commercially available products by the known methods. 

[Step 1 -86] 

[0226] This step is a step wherein compound (1c-83) is obtained by carrying out a reductive amination of compound 
(1c-82) and compound (1c-56-1). Compound (1c-83) can be manufactured according to the methods similar to those of 
[Step 1-72]. 

[Step 1 -87] 

[0227] This step is a step wherein compound (1c-84) is obtained by deprotecting of acetal in compound (1c-83) by 
adding an acid. Compound (1c-84) can be manufactured according to the methods similar to those of [Step 1-16]. 

[Manufacturing Method 1-3-23] Method 6 for manufacturing compound (1c-6) 

[0228] 



[stepl-BB] 

li R 33 — 55n(n-Rirt U 



(wherein ring A and Hal are defined as above; R 33 represents a C|_ 6 alkyl group, a C 3 _ 8 cycloalkyl group, a C 6 _ 10 aryl 
group, or a 5- or 6-membered ring heteroaryl group, which may have 1 or 2 substituents selected from the substituent 
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group a 1 , respectively; M+ represents a potassium cation and a sodium cation. 
[Substituent group a 1 ] 

a cyano group, a C 16 alkyl group, a C 16 alkoxy group, a C 16 alkoxycarbonyl group and a C 3 8 cycloalkyl group) 
[0229] Compound (1 c-85), compound (1 c-85-1 ), compound (1 c-85-2) and compound (1 c-85-3) which are commercially 
5 available products can be used as is, or they may also be manufactured from commercially available products by the 
known methods. 

[Step 1-88] 

10 [0230] This step is a step wherein compound (1c-86) is obtained by reacting compound (1c-85) and compound (1c- 
85-1) or compound (1 c-85-2), in the presence of a palladium catalyst and a base. An inorganic salt such as lithium 
chloride; an ammonium salt such as tetrabutylammonium chloride; or a phosphine ligand can also be added to obtain 
good results. This reaction can be carried out under an inert gas atmosphere, such as nitrogen gas and argon gas. 
There are no particular limitations on the solvent used in this reaction as long as it dissolves the starting materials to a 

is certain extent without impeding the reaction. Examples of the solvent include ether solvents such as 1 ,4-dioxane and 
tetrahydrofuran; aromatic hydrocarbon solvents such as toluene and xylene; amide solvents such as N,N-dimethylfor- 
mamide and N-methylpyrrolidinone; dimethyl sulfoxide, water, mixed solvents of the foregoing, and the like. Examples 
of the palladium catalyst include palladium (II) acetate, tetrakis(triphenylphosphine)palladium (0), dichlorobis(triphenyl- 
phosphine)palladium (ll),tris (dibenzylidene acetone)dipalladium (0), palladium carbon, bis(tri-t-butyl phosphine)palla- 

20 dium (0),1,1'-bis(diphenyl phosphinoferrocene)dichloro palladium (II), or the like. Examples of the phosphine ligand 
include triphenylphosphine, tri-o-tolylphosphine, tri-f-butylphosphine, tricyclohexyl phosphine, diphenylphosphinofer- 
rocene, 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl, 2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl, 2-di- 
f-butylphosphino-2',4',6'-triisopropylbiphenyl, 2-di-f-butylphosphinobiphenyl, 2-dicyclohexylphosphinobiphenyl, 2-dicy- 
clohexylphosphino-2'-(N, N-dimethylamino)biphenyl, 2-di-f-butylphosphino-2'-(N,N-dimethylamino)biphenyl, 2,2'-bis 

25 (diphenylphosphino)-l ,1 '-binaphthyl, 1,2-bis(diphenylphosphino)ethane, 1,3-bis(diphenylphosphino)propane, 1,4-bis 
(diphenylphosphino)butane, orthe like. Examples of the base include potassium carbonate, sodium carbonate, cesium 
carbonate, potassium fluoride, cesium fluoride, potassium phosphate, sodium hydroxide, barium hydroxide, potassium 
hydroxide, orthe like. Compound (1 c-85-1) or compound (1c-85-2) is used in the amount of 1 to 3 equivalents based 
on compound (1c-85). The palladium catalyst is used in the amount of 0.01 to 0.25 equivalents based on compound 

so (1 c-85). The phosphine ligand is used in the amount of 0.01 to 1 equivalent based on compound (1c-85). Inorganic salts 
such as lithium chloride, or ammonium salts such as tetrabutylammonium chloride, are used in the amount of 0.5 to 2 
equivalents. The reaction temperature is from room temperature to reflux temperature, and the reaction time is from 1 0 
minutes to 72 hours. 

35 [Step 1-89] 

[0231] This step is a step wherein compound (1c-86) is obtained by reacting compound (1c-85) with compound (1c- 
85-3), under a palladium catalyst. An inorganic salt such as lithium chloride, an ammonium salt such as tetrabutylam- 
monium chloride, a phosphine ligand, or a copper reagent can also be added to obtain good results. This reaction can 

40 be carried out under an inert gas atmosphere, such as nitrogen gas and argon gas. There are no particular limitations 
on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent without impeding the 
reaction. Examples of the solvent include ether solvents such as 1 ,4-dioxane and tetrahydrofuran; aromatic hydrocarbon 
solvents such as toluene and xylene; amide solvents such as N,N-dimethyl formamide and N-methyl pyrrolidinone; 
dimethyl sulfoxide, mixed solvents of the foregoing, orthe like. Examples of the palladium catalyst include palladium (II) 

45 acetate, tris (dibenzylideneacetone)dipalladium (0), dichlorobis(triphenylphosphine)palladium (II), dichlorobis(tri-o-tolyl- 
phosphine) palladium (II), bis(tri-f-butylphosphine)palladium (0), tetrakis(triphenylphosphine) palladium (0),1,T-bis 
(diphenylphosphinoferrocene)dichloro palladium (II), orthe like. Examples of the phosphine ligand include triphenyl- 
phosphine, tri-o-tolylphosphine, tri-f-butylphosphine, diphenylphosphinoferrocene, orthe like. Examples of the copper 
reagent include copper (I) iodide, copper (I) bromide, copper (I) chloride, orthe like. Compound (1 c-85-3) is used in the 

so amount of 1 to 3 equivalents based on compound (1c-85). The palladium catalyst is used in the amount of 0.01 to 0.25 
equivalents based on compound (1c-85). The phosphine ligand is used in the amount of 0.01 to 1 equivalent based on 
compound (1c-85). The copper reagent is used in the amount of 0.1 to 3 equivalents based on compound (1c-85). 
Inorganic salt such as lithium chloride, or ammonium salt such as tetrabutylammonium chloride, are used in the amount 
of 0.5 to 2 equivalents. The reaction temperature is from room temperature to reflux temperature, and the reaction time 

55 is from 10 minutes to 72 hours. 
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[Manufacturing Method 1-3-24] Method for manufacturing compound (1c-85-2) 
[0232] 



Hal v 



R 3 — O 



-Sn(n-Bu) 3 



-Har 



(1c-87) 



(1C-91) 



[step1-90] 



[step1-93] 




r"-oh 

(lc-88-1) 



R 34 -q 



'% F M+ [step1-92] 



F 



R 34 -q 



[step1-91] 



CH 3 



(1c-88) 



(1c-89) 



(1c-90) 



(wherein Hal and Hal' each independently represents a halogen atom; R 34 represents a C^g alkyl group, a C^g 
alkoxyC^g alkyl group, a C 3 _ a cycloalkyl C 1 - 6 alkyl group oraC 3 . e cycloalkyl group; M + represents a potassium cation 
and a sodium cation.) 

[0233] Compound (1c-87), compound (1c-88-1), compound (1c-90) and compound (1c-91) which are commercially 
available products can be used as is, or they may be manufactured from commercially available products by the known 
methods. Compound (1 c-91 ) which a commercially available product can be used as is, or may be manufactured from 
commercially available products by the known methods (for instance, WO2005/033079 A1 , pages 82-84, and the like). 



[0234] This step is a step wherein compound (1c-88) is manufactured by reacting an organometallic reagent and 
compound (1c-87) to generate an anionized compound, which is reacted with boric acid ester, then neutralizing the 
reaction mixture by the addition of an acid, and finally by reacting with a diol such as pinacol. This reaction can also be 
carried out by adding an organometallic reagent to a mixture of compound (1c-B7) and boric acid ester, in which the 
generation of anion from compound (1c-87) and reacting with boric acid ester are occurred simultaneously. This reaction 
can also be carried out under an inert gas stream or atmosphere, such as nitrogen or argon. Examples of compound 
(1c-87) include chloroiodomethane, dibromo methane, bromoiodomethane, or the like, and preferably, chloroiodometh- 
ane and dibromo methane. There are no particular limitations on the solvent used in this reaction as long as it dissolves 
the starting materials to a certain extent without impeding the reaction. Examples of the solvent include ether solvents 
such as tetrahydrofuran, 1,2-dimethoxyethane, methyl-t-butyl ether, cyclopentyl methyl ether, diethyl ether, diisopropyl 
ether, dibutyl ether and dicyclopentyl ether; aromatic hydrocarbon solvents such as benzene and toluene; aliphatic 
hydrocarbon solvents such as heptane and hexane, mixed solvents of the foregoing, or the like, and preferably tetrahy- 
drofuran. Examples of the boric acid ester include trimethyl borate, triisopropyl borate orthe like, and preferably triisopropyl 
borate. Examples of the organometallic reagent include n-butyl lithium, s-butyl lithium and the like, and preferably n-butyl 
lithium. Examples of the acid include methanesulfonic acid, p-toluenesulfonic acid, hydrochloric acid-ethyl acetate so- 
lution, hydrochloric acid-methanol solution, orthe like, and preferably methanesulfonic acid and hydrochloric acid-ethyl 
acetate solution. Boric acid ester can be used in the amount of 0.8 to 1.2 equivalents based on compound (1c-87); and 
preferably 0.9 to 1 equivalents. The organometallic reagent can be used in the amount of 0.8 to 1 .2 equivalents based 
on compound (1 c-87), and preferably 0.8 to 1 equivalents. A mixture of the anionized compound prepared at -78°C from 
compound (1c-87) and boric acid ester is stirred for 1 to 3 hours at the temperature mentioned below. This mixture is 
neutralized at the temperature mentioned below, then pinacol is added and stirred for 1 0 to 60 minutes at the temperature 
mentioned below. 

[Reaction temperature during the reaction of anionized compound and boric acid ester] 

[0235] The mixture of anionized compound and boric acid ester is stirred at 0°C to room temperature, and more 
preferably at room temperature. [Reaction temperature during neutralization reaction and reaction with diol]. 
[0236] The temperature during the neutralization reaction and the addition of the diol is from -20°C to room temperature, 
and more preferably 0°C. The temperature after the addition of the diol is from 0°C to room temperature, and more 



[Step 1 -90] 
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preferably from room temperature 
[Step 1-91] 

[0237] This step is a step wherein anionized compound, generated by reacting compound (1c-88-1) with a base, is 
reacted with compound (1 c-88), followed by reacting with a hydrogen fluoride salt (potassium hydrogen fluoride or sodium 
hydrogen fluoride) to obtain compound (1c-89). This step can also be carried out by adding a catalytic amount of iodine 
compound such as potassium iodide and tetrabutylammonium iodide. This reaction can also be carried out under an 
inert gas stream or atmosphere, such as nitrogen or argon. There are no particular limitations on the solvent used in 
this reaction as long as it dissolves the starting materials to a certain extent without impeding the reaction. Examples of 
the solvent include ether solvents such as tetrahydrofuran, 1 ,2-dimethoxyethane, methyl-f-butyl ether, cyclopentyl methyl 
ether, diethyl ether, diisopropyl ether, dibutyl ether and dieyclopentyl ether; aromatic hydrocarbon solvents such as 
benzene and toluene; amide solvents such as N,N-dimethylformamide and N-methylpyrrolidinone; dimethyl sulfoxide, 
mixed solvents of the foregoing, or the like, and preferably tetrahydrofuran or N,N-dimethylformamide. Examples of the 
base include sodium hydride, potassium bis(trimethylsilyl)amide, potassium hydride, and preferably sodium hydride and 
potassium bis(trimethylsilyl)amide. Compound (1c-88-1) can be used in the amount of 1 to 5 equivalents based on 
compound (1c-88), and preferably 2 to 3 equivalents. The above-mentioned base can be used in the amount of 1 to 5 
equivalents based on compound (1 c-88), and preferably 2 to 3 equivalents. The above-mentioned hydrogen fluoride 
salt can be used in the amount of 2 to 8 equivalents based on compound (1c-88), and preferably 3 to 5 equivalents. 
[0238] The reaction time for aniozation reaction of compound (1 c-88-1 ) is, preferably from 30 to 60 minutes for stirring 
for at the temperature mentioned below, and after adding compound (1c-88) to the mixture, the reaction time is from 1 
to 12 hours for stirring at the temperature mentioned below. After adding hydrogen fluoride salt to the reaction mixture, 
the reaction time is from 1 0 to 120 minutes for stirring at the temperature mentioned below. 

[Reaction temperature during anionization reaction] 

[0239] The temperature during addition of the base is from 0°C to room temperature, more preferably 0°C. The 
temperature after addition of the base is from 0°C to 70°C, more preferably from room temperature to 50°C. 

[Reaction temperature during reaction of anionized compound and compound (1c-88)] 

[0240] The temperature during addition of compound (1c-88) is from 0°C to room temperature, and more preferably 
0°C. The temperature after addition of compound (1 c-88) is from room temperature to 1 00°C, more preferably from room 
temperature to 70°C. 

[Reaction temperature during addition of hydrogen fluoride salt] 

[0241] The temperature during addition of the reagent is from 0°C to room temperature, and more preferably 0°C. 
The temperature after addition of the reagent is from 0°C to room temperature, and more preferably room temperature. 

[Step 1-92] 

[0242] This step is astep wherein anionized compound generated by reacting an organometallic reagent and compound 
(1c-90) is reacted with boric acid ester, followed by reacting with a hydrogen fluoride salt (potassium hydrogen fluoride 
or sodium hydrogen fluoride, or the like) to obtain compound (1c-89). In this step, the reaction can be carried out in a 
solvent or using a large amount of compound (1c-90) as the solvent. In addition, this step can be carried out in the 
presence of a base. This step can be carried out according to the general methods, for instance, 5th Edition of Jikkenk- 
agakukoza 1 8 (pages 20 to 23), Tetrahedron Letters, Vol. 24, No.31 , pp. 3165-31 68, and the like. This reaction can also 
be carried out under an inert gas stream or atmosphere, such as nitrogen or argon. There are no particular limitations 
on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent without impeding the 
reaction. Examples of the solvent include aliphatic hydrocarbon solvents such as heptane and hexane, or the like. 
Preferably, compound (1c-90) is used in large amount as a solvent. Examples of the organometallic reagent include 
f-butyl lithium, sec-butyl lithium, or the like, preferably sec-butyl lithium. Examples of the base include potassium r-bu- 
toxide, potassium sec-butoxide, potassium methoxide, or the like, preferably potassium f-butoxide. An organometallic 
reagent is added to a mixture of compound (1 c-90) and solvent at -75 to -60°C (preferably -75 to -70°C), then the mixture 
is stirred for 5 to 30 minutes (preferably 5 to 1 0 minutes) at -20 to 0°C (preferably -1 0 to -5°C). Then, boric acid ester is 
added to the mixture at -75 to -70°C, the mixture is then stirred for 10 to 60 minutes (preferably 10 to 30 minutes) at 
10°C to room temperature (preferably room temperature). Hydrogen fluoride salt is added to the mixture at 0 to 5°C, 
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water is then added at the same temperature, the reaction mixture is warmed to room temperature, to obtain compound 
(1c-89). Preferably, compound (1c-90) is used in solvent amount based on the organometallic reagent. The base can 
be used in the amount of preferably 0.6 to 1 equivalents based on the organometallic reagent. The boric acid ester can 
be used in the amount of 1 to 2 equivalents based on the organometallic reagent, and preferably 1 to 1 .8 equivalents. 
The above-mentioned hydrogen fluoride salt can be used in the amount of 3 to 10 equivalents based on the above- 
mentioned boric acid ester compound, and preferably 3 to 5 equivalents. 

[Step 1-93] 

[0243] This step is astep wherein anionized compound, generated by reacting a organometallic reagent with compound 
(1c-91), reacted with a boric acid ester (triisopropyl borate, trimethyl borate, 2-isopropoxy-4,4,5,5-tetramethyl- 1,3,2- 
dioxaborolane, or the like), followed by reacting with a hydrogen fluoride salt (potassium hydrogen fluoride or sodium 
hydrogen fluoride, or the like) to obtain compound (1c-89). This reaction can also be carried out under an inert gas 
stream or atmosphere, such as nitrogen or argon. There are no particular limitations on the solvent used in this reaction 
as long as it dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvent 
include ether solvents such as tetrahydrofuran, 1,2-dimethoxyethane, methyl f-butyl ether, cyclopentyl methyl ether, 
diethyl ether, diisopropyl ether, dibutyl ether and dicyclopentyl ether; aromatic hydrocarbon solvents such as benzene 
and toluene; aliphatic hydrocarbon solvents such as heptane and hexane, mixed solvents of the foregoing, and the like, 
and preferably tetrahydrofuran. Examples of the above-mentioned organometallic reagent include n-butyl lithium, sec- 
butyl lithium, methyl lithium or the like, preferably n-butyl lithium. Compound (1c-89) can be obtained by the two methods 
described below. If it is difficult to carry out the reaction (i), such as the anion generated by reacting organometallic 
reagent and compound (1c-91) is unstable, reaction (ii) is preferred. 

(i) In a solvent, an organometallic reagent and compound (1c-91) are stirred for 30 to 120 minutes (preferably 30 
to 60 minutes) at -75 to -60°C (preferably -75 to - 70°C). Then, boric acid ester is added to the mixture at -75 to 
-70°C, whereafterthe mixture is stirred for 1 0 to 1 20 minutes (preferably 20 to 80 minutes) at 0°C to room temperature 
(preferably 0 to 5°C). A hydrogen fluoride salt is added to the mixture at 0 to 5°C, water is then added at the same 
temperature, and the reaction mixture is warmed to room temperature, to obtain compound (1c-89). 

(ii) In a solvent, an organometallic reagent is added to a mixture of a boric acid ester and compound (1c-89) at -75 
to -60°C (preferably -75 to -70°C), and stirred for 10 to 120 minutes (preferably 20 to 60 minutes) at- 75 to 5°C 
(preferably 0 to 5°C). Hydrogen fluoride salt is added to the mixture at 0 to 5°C, whereafter water is added at the 
same temperature, and the reaction mixture is warmed to room temperature, to obtain compound (1c-89). 

[0244] The organometallic reagent can be used in the amount of 0.8 to 1 .2 equivalents based on compound (1 c-91 ), 
and preferably 1 equivalent. The boric acid ester can be used in the amount of 1 to 2 equivalents based on compound 
(1c-91), and preferably 1 to 1.2 equivalents. The hydrogen fluoride salt can be used in the amount of 3 to 10 equivalents 
based on compound (1c-91), and preferably 3 to 5 equivalents. 

[Manufacturing Method 2] Typical method for manufacturing compound (2a): 

[0245] 




(wherein ring A, R 1 , R 2 , R 3 , R 4 and Z are defined as above.) 
[Manufacturing Method 2-1-1] Method 1 for manufacturing compound (2a): 
[0246] 
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(wherein ring A, R 1 , R 2 , R 3 , R 4 and Z are defined as above.) 

[0247] Compound (2b) can be manufactured from commercially available products by the well known methods, or 
can also be manufactured according to the methods described in the Manufacturing Examples in the Examples, [Man- 
ufacturing Method 2-2-1] given below or the like. 

[0248] Compound (2c) which is a commercially available product can be used as is, or compound (2c) can also be 
manufactured from commercially available products by the well known methods. Compound (2c) can further be manu- 
factured according to the methods described in the Manufacturing Examples in the Examples, [Manufacturing Method 
2-3] given below or the like. 

[Step 2] 

[0249] This step is a step wherein compound (2a) is manufactured by reacting compound (2b) and compound (2c) in 
the presence of a base. There are no particular limitations on the solvent used in this reaction as long as it dissolves 
the starting materials to a certain extent without impeding the reaction. Examples of the solvent include ether solvents 
such as tetrahydrofuran and diethyl ether; aromatic hydrocarbon solvents such as benzene and toluene; amide solvents 
such as N,N-dimethylformamide and N-methylpyrrolidinone; alcohol solvents such as methanol and ethanol; and dimethyl 
sulfoxide, mixed solvents of the foregoing and like. Examples of the base include sodium hydride, potassium t-butoxide, 
sodium ethoxide, triethylamine, sodium hydroxide, potassium hydroxide and the like. Compound (2c) is used in the 
amount of 1 to 5 equivalents based on compound (2b). The base is used in the amount of 1 to 5 equivalents based on 
compound (2b). The reaction temperature is from 0°C to reflux temperature, and the reaction time is from 1 0 minutes 
to 24 hours. 

[Manufacturing Method 2-1-2] Method 2 for manufacturing compound (2a): 
[0250] 




(wherein ring A, R 1 , R 2 , R 3 , Hal and Z are defined as above.) 

[0251] Compound (1 b-1) which is a commercially available product can be used as is, or compound (1 b-1)can also 
be manufactured from commercially available products by the well known methods. Compound (2d) can be manufactured 
from commercially available products by the well known methods, or can be manufactured according to the methods 
described in the Manufacturing Examples in the Examples, [Manufacturing Method 2-4] given below or the like. 

[Step 2-1] 

[0252] This step is a step wherein compound (2a- 1) is obtained by reacting compound (1 b-1) with compound (2d) in 
the presence of a palladium catalyst. Inorganic salts such as lithium chloride, ammonium salts such as tetrabutylammo- 
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nium chloride, phosphine ligands, or copper reagents can be added to obtain good results. There are no particular 
limitations on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent without 
impeding the reaction. Examples of the solvent include ether solvents such as 1 ,4-dioxane and tetrahydrofuran; aromatic 
hydrocarbon solvents such as toluene and xylene, amide solvents such as N,N-dimethylformamide and N-methylpyrro- 
lidinone; dimethyl sulfoxide, mixed solvents of the foregoing and the like. Examples of the palladium catalyst include 
palladium (II) acetate, tris(dibenzylidenacetone)dipalladium (0), dichlorobis(triphenylphosphine)palladium (II), dichloro- 
bis(tri-o-tolylphosphine)palladium (II), bis(tri-f-butylphosphine)palladium (0), tetrakis(triphenylphosphine)palladium (0) 
and the like. Examples of the phosphine ligand include triphenylphosphine, tri-o-tolylphosphine, tri-f-butylphosphine and 
the like. Examples of the copper reagent include copper (I) iodide, copper (I) bromide, copper (I) chloride and the like. 
Compound (2d) is used in the amount of 1 to 3 equivalents based on compound (1 b-1). The palladium catalyst is used 
in the amount of 0.01 to 0.3 equivalents based on compound (1 b-1). The phosphine ligand is used in the amount of 0.01 
to 1 .2 equivalents based on compound (1 b-1 ). The copper reagent is used in the amount of 0.1 to 3 equivalents based 
on compound (1 b-1 ). The inorganic salts such as lithium chloride or ammonium salts such as tetrabutylammonium 
chloride are used in the amount of 1 to 3 equivalents based on compound (1 b-1). The reaction temperature is from 
room temperature to reflux temperature, and the reaction time is from 1 0 minutes to 48 hours. 

[Manufacturing Method 2-1-3] Method 3 for manufacturing compound (2a) 

[0253] 



R"-B° H or R"- B --F 
OH V * 




(wherein ring A, Hal, L, R 1 , R 2 and R 33 are defined as above.) 

[0254] Compound (2b-1 ) can be manufactured from commercially available products by the known methods, and can 
also be manufactured according to the methods described in the Manufacturing Example in Examples or [Manufacturing 
Method 2-2-1], and the like. Compound (2c-1) which is a commercially available product can be used as is, or may also 
be manufactured from commercially available products by the known methods. Compounds (1c-85-1), (1c-85-2) and 
(1 c-85-3) which are commercially available products can be used as is, or may also be manufactured from commercially 
available products by the known methods. 

[Step 2-2] 

[0255] This step is a step wherein compound (2a-2) is obtained by reacting compound (2b-1) and compound (2c-1), 
in the presence of a base. Compound (2a-2) can be manufactured according to the methods similar to those of [Step 2]. 

[Step 2-3] 

[0256] This step is a step wherein compound (2a-3) is obtained by reacting compound (1c-85-1) or compound (1c- 
85-2) and compound (2a-2), in the presence of a palladium catalyst and a base. Compound (2a-3) can be manufactured 
according to the methods similar to those of [Step 1-88], 

[Step 2-4] 

[0257] This step is a step wherein compound (2a-3) is obtained by reacting compound (1 c-85-3) and compound (2a- 
2), in the presence of a palladium catalyst. Compound (2a-3) can be manufactured according to the methods similar to 
those of [Step 1-89]. 
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[Manufacturing Method 2-2-1] Method 1 for manufacturing compound (2b): 
[0258] 




(2b-5) (2b-1) 



(wherein Ft 1 , Ft 2 and Hal are defined as above.) 

[0259] A commercially available product can be used as is for compound (2b-2). Compound (1b-1) which is a com- 
mercially available product can be used as is or compound (1 b-1 ) can also be manufactured from commercially available 
products by the well known methods. 

[Step 2-5] 

[0260] This step is a step wherein compound (2b-3) is obtained by reacting compound (2b-2) with chlorotriphenyl- 
methane in the presence of a base. There are no particular limitations on the solvent used in this reaction as long as it 
dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvent include ether 
solvents such as tetrahydrofuran and diethyl ether; amide solvents such as N,N-dimethylformamide and N-methylpyr- 
rolidinone; and dimethyl sulfoxide, mixed solvents of the foregoing and the like. Examples of the base include triethyl- 
amine, sodium hydride, potassium f-butoxide, potassium carbonate, sodium hydroxide and the like. The base is used 
in the amount of 1 to 4 equivalents based on compound (2b-2). The chlorotriphenylmethane is used in the amount of 1 
to 4 equivalents based on compound (2b-2). The reaction temperature is from room temperature to reflux temperature, 
and the reaction time is from 1 hour to 24 hours. 

[Step 2-6] 

[0261] This step is a step wherein compound (2b-4) is obtained by reacting compound (2b-3) with a boronic acid 
derivative in the presence of a palladium catalyst and a base. A phosphine ligand may also be added to obtain good 
results. There are no particular limitations on the solvent used in this reaction as long as it dissolves the starting materials 
to a certain extent without impeding the reaction. Examples of the solvent include ether solvents such as 1,4-dioxane 
and tetrahydrofuran; aromatic hydrocarbon solvents such as benzene and toluene; amide solvents such as N,N-dimeth- 
ylformamide and N-methylpyrrolidinone; and dimethyl sulfoxide, mixed solvents of the foregoing and the like. Examples 
of the palladium catalyst include palladium (II) acetate, tris(dibenzylidenacetone)dipalladium (0), dichlorobis(triphenyl- 
phosphine)palladium (II), bis(tri-f-butylphosphine)palladium (0), tetrakis(triphenylphosphine)palladium (0), 1,1 '-bis 
(diphenylphosphinoferrocene)dichloropalladium (II) and the like, preferably 1,1 '-bis(diphenylphosphinoferrocene)dichlo- 
ropalladium (II). Examples of the base include potassium acetate, triethylamine, N,N-diisopropylethylamine, potassium 
phenoxide, potassium carbonate and the like, preferably potassium acetate. Examples of the boronic acid derivative 
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include bis(pinacolate)diboron, 4,4,5,5,-tetramethyl-[1 ,3,2]-dioxaborolane and the like. Examples of the phosphine ligand 
include triphenylphosphine, tri-f-butylphosphine, tricyclohexylphosphine, diphenylphosphinoferrocene, 2-dicyclohexyl- 
phosphinobiphenyl and the like. The palladium catalyst is used in the amount of 0.01 to 0.3 equivalents based on 
compound (2b-3). The base is used in the amount of 1 to 1 0 equivalents based on compound (2b-3). The boronic acid 
5 derivative is used in the amount of 1 to 3.0 equivalents based on compound (2b-3). The phosphine ligand is used in the 
amount of 0.01 to 1.2 equivalents based on compound (2b-3). The reaction temperature is from room temperature to 
reflux temperature, and the reaction time is from 1 0 minutes to 24 hours. 

[0262] Compound (2b-4) can also be obtained from compound (2b-3) according to the method given below as Alter- 
native Method (1). 

10 Alternative Method (1): Compound (2b-4)can be obtained by first anionizing the bromine atom of compound (2b-3) using 
an organometallic reagent, and then reacting with a boronic acid ester. There are no particular limitations on the solvent 
used in this reaction as long as it dissolves the starting materials to a certain extent without impeding the reaction. 
Examples of the solvent include ether solvents such as tetrahydrofuran and diethyl ether; aromatic hydrocarbon solvents 
such as benzene and toluene; and hexane, mixed solvents of the foregoing and the like. Examples of the organometallic 

is reagent include n-butyl lithium, s-butyl lithium, f-butyl lithium and the like. Examples of the boronic acid ester include 2- 
methoxy-4,4,5,5-tetramethyl-[1,3,2]-dioxaborolane, trimethyl borate, triisopropyl borate and the like. (1-Tripheny Ime- 
thyl)-pyrazol-4-yl boronic acid, which is produced in the case of using trimethyl borate or triisopropyl borate as the boronic 
acid ester, can be converted into a boronic acid pinacol ester in accordance with the literature (Journal of Heterocyclic 
Chemistry, Vol. 41, No. 6, 931 to 939, so as to obtain compound (2b-4). The organometallic reagent is used in the 

20 amount of 1 to 1.5 equivalents based on compound (2b-3). The boronic acid ester is used in the amount of 1 to 1.5 
equivalents based on compound (2b-3). The reaction temperature for the anionization reaction is from -90°C to -60°C, 
and the reaction time is from 10 minutes to 24 hours. The temperature for the reaction with the boronic acid ester is from 
-78°C to 0°C, with a reaction time being from 1 0 minutes to 12 hours. 

[0263] Note that (1 -triphenylmethyl)-pyrazol-4-yl boronic acid, which is produced in the case of using trimethyl borate 
25 or triisopropyl borate as the boronic acid ester in this reaction, can be used in place of compound (2b-4) as the substrate 
in [Step 2-7], 

[Step 2-7] 

30 [0264] This step is a step wherein compound (2b-5) is obtained by reacting compound (2b-4) with compound (1b-1) 
in the presence of a palladium catalyst and a base. A phosphine ligand can be added to obtain good results. A quaternary 
ammonium salt such as tetrabutylammonium bromide, tetrabutylammonium chloride and the like can also be added in 
the amount of 0.1 to 2 equivalents based on compound (2b-4). There are no particular limitations on the solvent used 
in this reaction as long as it dissolves the starting materials to a certain extent without impeding the reaction. Examples 

35 of the solvent include ether solvents such as 1 ,4-dioxane and tetrahydrofuran; aromatic hydrocarbon solvents such as 
benzene and toluene; amide solvents such as N,N-dimethylformamide and N-methylpyrrolidinone; alcohol solvents such 
as methanol and ethanol; and dimethyl sulfoxide, water, mixed solvents of the foregoing and the like. Examples of the 
palladium catalyst include palladium (II) acetate, tris(dibenzylidenacetone)dipalladium (0), dichlorobisftriphenylphos- 
phine)palladium (II), bis(tri-f-butylphosphine)palladium (0), tetrakis(triphenylphosphine)palladium (0), 1,1'-bis(diphenyl- 

40 phosphinoferrocene)dichloropalladium (II) and the like. Examples of the base include sodium carbonate, potassium 
carbonate, cesium carbonate, cesium fluoride, potassium phosphate, sodium hydroxide, potassium hydroxide and the 
like. Examples of the phosphine ligand include triphenylphosphine, tri-f-butylphosphine, tricyclohexylphosphine, diphe- 
nylphosphinoferrocene, 2-dicyclohexylphosphinobiphenyl and the like. The palladium catalyst is used in the amount of 
0.01 to 0.3 equivalents based on compound (2b-4). The base is used in the amount of 1.5 to 10 equivalents based on 

45 compound (2b-4). Compound (1b-1) is used in the amount of 1.0 to 3.0 equivalents based on compound (2b-4). The 
phosphine ligand is used in the amount of 0.01 to 1 .2 equivalents based on compound (2b-4). The reaction temperature 
is from room temperature to reflux temperature, and the reaction time is from 1 0 minutes to 24 hours. 

[Step 2-8] 

50 

[0265] This step is a step wherein compound (2b-1 ) is obtained by deprotecting the triphenylmethyl group of compound 
(2b-5) under acidic conditions. There are no particular limitations on the solvent used in this reaction as long as it dissolves 
the starting materials to a certain extent without impeding the reaction. Example of the solvent include ether solvents 
such as 1 ,4-dioxane and tetrahydrofuran; aromatic hydrocarbon solvents such as benzene and toluene, alcohol solvents 
55 such as methanol and ethanol; methylene chloride, water, mixed solvents of the foregoing and the like. Examples of the 
acid include hydrochloric acid, sulfuric acid, hydrobromic acid, trifluoroacetic acid, formic acid and the like. The acid is 
used in the amounts of from 2 equivalents to the solvent amount based on compound (2b-5). The reaction temperature 
is from 0°C to reflux temperature, and the reaction time is from 10 minutes to 24 hours. 
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[Manufacturing Method 2-2-2] Method 2 for manufacturing compound (2b) 
[0266] 




[2bS) (2b-7) pM) (2b-9) 



(wherein R 1 , R 2 and Hal are defined as above.) 

[0267] Compound (2b-6) which is a commercially available product can be used as is, or may be manufactured from 
commercially available products by the known methods. Compound (2b-4) can be manufactured according to the methods 
described in [Manufacturing Method 2-2-1]. 

[Step 2-9] 

[0268] This step is a step wherein compound (2b-7) is obtained by substituting a halogen atom for a hydrogen atom 
on the pyridine ring of compound (2b-6). Compound (2b-7) can be manufactured according to the methods similar to 
those of [Step 1-11]. 

[Step 2-10] 

[0269] This step is a step wherein compound (2b-8) is obtained by reacting compound (2b-7) with compound (2b-4), 
in the presence of a palladium catalyst and a base. Compound (2b-8) can be manufactured according to the methods 
similar to those of [Step 2-7]. With the proviso that compound (2b-4) is used in the amount of 1 to 1.2 equivalents based 
on compound (2b-7). 

[Step 2-11] 

[0270] This step is a step wherein compound (2b-9) is obtained by deprotecting the triphenyl methyl group of compound 
(2b-8) under acidic conditions. Compound (2b-9) can be manufactured according to the methods similar to those of 
[Step 2-8]. [Manufacturing Method 2-3] Method for manufacturing compound (2c): 



(1c-3) (2 C) 

(wherein ring A, L, R 3 and Z are defined as above.) 

[0271] Compound (1c-3) which is a commercially available product can be used as is, or compound (1c-3) can also 
be manufactured from commercially available products by the well known methods. Compound (1c-3) can further be 
manufactured according to the methods described in the Manufacturing Examples in the Examples, [Manufacturing 
Method 1-3-1] given above or the like. 

[Step 2-12] 

[0272] This step is a step wherein compound (2c) is obtained by converting the hydroxyl group of compound (1c-3) 
into a leaving group. Compound (2c) can be manufactured according to the methods similar to those of [Step 1-32]. 
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[Manufacturing Method 2-4] Method for manufacturing compound (2d): 
[0273] 



[step2-13] 



(2b-2) 



(2o) 



(2d-1) 



(2d) 



(wherein ring A, L, R 3 and Z are defined as above.) 

[0274] Compound (2c) which is a commercially available product can be used as is, or compound (2c) can also be 
manufactured from commercially available products by the well known methods. Compound (2c) can further be manu- 
factured according to the methods described in the Manufacturing Examples in the Examples, [Manufacturing Method 
2-3] given above or the like. A commercial product may be used as is for compound (2b-2). 



[0275] This step is a step wherein compound (2d-1) is obtained by reacting compound (2c) with compound (2b-2). 
Compound (2d-1) can be manufactured according to the methods similar to those of [Step 2]. 



[0276] This step is a step wherein compound (2d) is obtained by reacting compound (2d-1) with hexa(n-butyl)ditin in 
the presence of a palladium catalyst. Aphosphine ligandcan be added into this reaction in order to obtain good results. 
There are no particular limitations on the solvent used in this reaction as long as it dissolves the starting materials to a 
certain extent without impeding the reaction. Examples of the solvent include ether solvents such as 1 ,4-dioxane and 
tetrahydrofuran; aromatic hydrocarbon solvents such as toluene and xylene; amide solvents such as N,N-dimethylfor- 
mamide and N-methylpyrrolidinone; dimethyl sulfoxide, mixed solvents of the foregoing and the like. Examples of the 
palladium catalyst include palladium (II) acetate, tris(dibenzyiidenacetone)dipalladium (0), dichlorobis(triphenylphos- 
phine)palladium (II), dichlorobis(tri-o-tolylphosphine)palladium (II), tetrakis(triphenylphosphine)palladium (0) and the 
like. Examples of the phosphine ligand include triphenylphosphine, tri-o-tolylphosphine and the like. The hexa(n-butyl) 
ditin is used in the amount of 1 to 1 0 equivalents, preferably 3 to 5 equivalents, based on compound (2d-1 ). The palladium 
catalyst is used in the amount of 0.01 to 0.3 equivalents based on compound (2d-1). The phosphine ligand is used in 
the amount of 0.01 to 1 .2 equivalents based on compound (2d-1 ). The reaction temperature is from room temperature 
to reflux temperature, and the reaction time is from 1 0 minutes to 48 hours. 

[0277] Compound (2d) can also be obtained from compound (2d-1 ) according to the method given below as Alternative 
Method (1). Alternative Method (1): Compound (2d) can be obtained by first anionizing the bromine atom of compound 
(2d-1) using an organometallic reagent, and then reacting with tri(n-butyl)tin chloride. There are no particular limitations 
on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent without impeding the 
reaction. Examples of the solvent include ether solvents such as tetrahydrofuran and diethyl ether; aromatic hydrocarbon 
solvents such as benzene and toluene; hexane, mixed solvents of the foregoing and the like. Examples of the organo- 
metallic reagent include n-butyl lithium, s-butyl lithium, f-butyl lithium and the like. The organometallic reagent is used 
in the amount of 1 to 1.5 equivalents based on compound (2d-1). The tri(n-butyl)tin chloride is used in the amount of 1 
to 1 .5 equivalents based on compound (2d-1 ). The reaction temperature for the anionization reaction is from -90°C to 
-60°C, with a reaction time being from 10 minutes to 24 hours. The temperature for the reaction with the tri(n-butyl)tin 
chloride is from -78°C to 0°C, with a reaction time being from 10 minutes to 12 hours. 

[Manufacturing Method 3] Typical method for manufacturing compound (3a): 



[Step 2-13] 



[Step 2-14] 



[0278] 
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(wherein ring A, R 1 , R 2 , R 3 and Z are defined as above.) 
[Manufacturing Method 3-1] Method for manufacturing compound (3a): 
[0279] 




(3b) (3c) (3a) 



(wherein ring A, R 1 , R 2 , R 3 and Z are defined as above.) 

[0280] Compound (3b) can be manufactured from commercially available products by the well known methods, or 
compound (3b) can also be manufactured according to the methods given in the Manufacturing Examples in the Examples, 
[Manufacturing Method 3-2] given below or the like. 

[0281] Compound (3c) can be manufactured from a commercially available product by the well known methods, or 
compound (3c) can also be manufactured according to the methods given in the Manufacturing Examples in the Examples, 
[Manufacturing Method 3-3] given below or the like. 

[Step 3] 

[0282] This step is a step wherein compound (3a) is obtained by reacting compound (3b) with compound (3c). Com- 
pound (3a) can be manufactured according to the methods similar to those of [Step 1 -8], 



[Manufacturing Method 3-2] Method for manufacturing compound (3b): 




(wherein R 1 and R 2 are defined as above, and R 2a represents a hydrogen atom and - NHR 2b . R 2b represents a protective 
group such as f-butoxycarbonyl, f-butylcarbonyl and the like.) 

[0284] Compound (3b-1) which is a commercially available product can be used as is, or compound (3b-1) can also 
be manufactured from commercially available products by the well known methods. A commercial product can be used 
as is for compound (2b-1). 

[Step 3-1] 

[0285] This step is a step wherein compound (3b-2) is obtained by reacting compound (3b-1) with compound (2b-1) 
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in the presence of a base and a copper catalyst. A copper ligand can also be added to improve the yield. There are no 
particular limitations on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent 
without impeding the reaction. Examples of the solvent include ether solvents such as 1 ,4-dioxane and tetrahydrofuran; 
aromatic hydrocarbon solvents such as benzene, toluene and xylene; amide solvents such as N,N-dimethylformamide 

5 and N-methylpyrrolidinone; and dimethyl sulfoxide, mixed solvents of the foregoing and the like. Examples of the base 
used in this reaction include potassium carbonate, cesium carbonate, potassium phosphate, potassium f-butoxide, 
sodium f-butoxide and the like. Examples of the copper catalyst include copper (I) iodide, copper (I) bromide, copper (I) 
chloride and the like. Examples of the copper ligand include 1,2-cyclohexanediamine, N,N-dimethyl-cyclohexane-1,2- 
diamine, 1,10-phenanthroline and the like. Compound (2b-1) is used in the amounts of from 1 to 5 equivalents based 

10 on compound (3b-1). The base is used in the amount of 1 to 5 equivalents based on compound (3b-1). The copper 
catalyst is used in the amount of 0.01 to 0.3 equivalents based on compound (3b-1). The copper ligand is used in the 
amount of 1 to 3 equivalents based on the copper catalyst. The reaction temperature is from 50°C to reflux temperature, 
and the reaction time is from 30 minutes to 48 hours. 

is [Step 3-2] 

[0286] This step is a step wherein compound (3b) is obtained by reacting acid with compound (3b-2), so as to deprotect 
an amine moiety. There are no particular limitations on the solvent used in this reaction as long as it dissolves the starting 
materials to a certain extent without impeding the reaction. Examples of the solvent include alcohol solvents such as 
20 methanol and ethanol; and water, mixed solvents of the foregoing and the like. Examples of the acid include inorganic 
acids such as hydrochloric acid, sulfuric acid, and hydrobromic acid; organic acids such as trifluoroacetic acid, p-tolue- 
nesulfonic acid; and the like. The acid is used in the amounts of from 2 equivalents to the solvent amount based on 
compound (3b-2). The reaction temperature is from room temperature to reflux temperature, and the reaction time is 
from 30 minutes to 72 hours. 

25 

[Manufacturing Method 3-3] Method for manufacturing compound (3c): 
[0287] 

30 

(2c) p c ) 

35 

(wherein ring A, L, R 3 and Z are defined as above.) 

[0288] Compound (2c) can be manufactured from commercially available products by the well known methods, or 
compound (2c) can also be manufactured according to the methods described in the Manufacturing Examples in the 
40 Examples, [Manufacturing Method 2-3] given above or the like. 

[Step 3-3] 

[0289] This step is a step wherein compound (3c) is obtained by reacting compound (2c) with tributyltin-anions. There 
45 are no particular limitations on the solvent used in this reaction as long as it dissolves the starting materials to a certain 
extent without impeding the reaction. Examples of the solvent include ether solvents such as tetrahydrofuran and diethyl 
ester; aromatic hydrocarbon solvents such as benzene, toluene and xylene; mixed solvents of the foregoing and the 
like. The tributyltin-anions used in the reaction can be synthesized by reacting an organometallic reagent with tributyltin 
hydride. Examples of the organometallic reagent include lithium diisopropylamide, isopropyl magnesium chloride, methyl 
so magnesium iodide and the like. The tributyltin hydride is used in the amount of 1 to 2 equivalents based on compound 
(2c). The organometallic reagent is used in the amount of 1 to 1 .5 equivalents based on tributyltin hydride. The reaction 
temperature is from -78°C to room temperature, and the reaction time is from 1 0 minutes to 12 hours. 

[Manufacturing Method 4] Typical method for manufacturing compound (4a): 

55 

[0290] 
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(wherein ring A, R 2 , R 3 and Z are defined as above.) 

[Manufacturing Method 4-1] Method for manufacturing compound (4a): 

[0291] 




(wherein ring A, R 3 and Z are defined as above.) 

[0292] Compound (4a- 1) can be manufactured from commercially available products by the well known method, or 
compound (4a-1) can be manufactured according to the methods described in the Manufacturing Examples in the 
Examples; [Manufacturing Method 4-2] given below or the like. 

[Step 4] 

[0293] This step is a step wherein compound (4a) is obtained by substituting a hydrogen atom for a chlorine atom of 
compound (4a- 1 ). Compound (4a) can be obtained by reacting compound (4a- 1 ) in the presence of a palladium catalyst, 
a base and a hydrogen source. A phosphine ligand can also be added to obtain good results: There are no particular 
limitations on the solvent used in this reaction as long as it dissolves the starting materials to a certain extent without 
impeding the reaction. Examples of the solvent include ether solvents such as 1 ,4-dioxane and tetrahydrofuran; aromatic 
hydrocarbon solvents such as toluene and xylene; amide solvents such as N,N-dimethylformamide and N-methylpyrro- 
lidinone; and dimethyl sulfoxide, mixed solvents of the foregoing and the like. Examples of the palladium catalyst include 
bis(tri-(-butylphosphine)palladium (0), palladium (II) acetate, tetrakis(triphenylphosphine)palladium (0), dichlorobis 
(triphenylphosphine)palladium (II), tris(dibenzylidenacetone)dipalladium (0) and the like. Examples of the base include 
triethylamine, N,N-diisopropylethylamine and the like. Examples of the hydrogen source include formic acid, potassium 
formate, sodium formate, lithium formate, ammonium formate and the like. Examples of the phosphine ligand include 
triphenylphosphine, tri-o-tolylphosphine, tri-f-butylphosphine and the like. The palladium catalyst is used in the amount 
of 0.01 to 0.3 equivalents based on compound (4a-1). The base is used in the amount of 2 to 5 equivalents based on 
compound (4a-1). The hydrogen source is used in the amount of 1 to 5 equivalents based on compound (4a-1). The 
phosphine ligand is used in the amount of 0.01 to 1 .2 equivalents based on compound (4a- 1 ). The reaction temperature 
is from room temperature to reflux temperature, and the reaction time is from 30 minutes to 24 hours. 

[Manufacturing Method 4-2] Method for manufacturing compound (4a-1): 

[0294] 
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(wherein ring A, R 3 and Z are as defined above.) 

[0295] Compound (4b-1) which is a commercially available product can be used as is. Compound (4c) can be man- 
ufactured from commerciall available products by the well known methods, or compound (4c) can also be manufactured 
according to the methods described in the Manufacturing Examples in the Examples, [Manufacturing Method 4-3] given 
below or the like. 

[Step 4-1] 

[0296] This step is a step wherein compound (4b-2) is obtained by reacting compound (4b-1) with hydroxylamine or 
hydroxylamine hydrochloride in the presence of a base. There are no particular limitations on the solvent used in this 
reaction as long as it dissolves the starting materials to a certain extent without impeding the reaction. Examples of the 
solvent include alcohol solvents such as methanol and ethanol; and methylene chloride, water and the like. The base 
can also be used as the solvent. Examples of the base include pyridine, sodium hydroxide, potassium hydroxide, sodium 
acetate, sodium carbonate, sodium hydrogen carbonate and the like. Hydroxylamine or hydroxylamine hydrochloride is 
used in the amounts of from 1 to 10 equivalents based on compound (4b-1). The base is used in the amount of 1 
equivalent to the solvent amount based on compound (4b-1). The reaction temperature is from 0°C to reflux temperature, 
and the reaction time is from 1 0 minutes to 24 hours. 

[Step 4-2] 

[0297] This step is a step wherein compound (4b-3) is obtained by reacting compound (4b-2) with a chlorinating agent. 
There are no particular limitations on the solvent used in this reaction as long as it dissolves the starting materials to a 
certain extent without impeding the reaction. Examples of the solvent include ether solvents such as 1 ,4-dioxane and 
tetrahydrofuran; alcohol solvents such as methanol and ethanol, amide solvents such as N,N-dimethylformamide and 
N-methylpyrrolidinone; and dimethyl sulfoxide, methylene chlorine, water, mixed solvents of the foregoing and the like. 
Examples of the chlorinating agent include N-chlorosuccinimide, sodium hypochlorite, chlorine and the like. The chlo- 
rinating agent is used in the amount of 2 to 5 equivalents based on compound (4b-2). The reaction temperature is from 
0°C to room temperature, and the reaction time is from 10 minutes to 24 hours. 

[Step 4-3] 

[0298] This step is a step wherein compound (4a-1) is obtained by reacting compound (4b-3) with compound (4c). 
Compound (4a-1) can be manufactured according to the methods similar to those of [Step 1]. 

[Manufacturing Method 4-3] Method for manufacturing compound (4c): 

[0299] 




(2c) (4c-1) 



(wherein ring A, R 3 , R 5 , R 6 , L and Z are defined as above.) 

[0300] Compound (2c) can be manufactured from commercially available products by the well known methods, or 
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compound (2c) can also be manufactured according to the methods described in the Manufacturing Examples in the 
Examples, [Manufacturing Method 2-3] given below or the like. 

[Step 4-4] 

[0301] This step is a step wherein compound (4c-1) is obtained by reacting compound (2c) with an ethynylsilane 
derivative. Compound (4c- 1) can be obtained by reacting compound (2c) with an ethynyl Grignard reagent obtained by 
reacting an ethynyl silane derivative with a Grignard reagent. A copper reagent such as copper (I) bromide, copper (I) 
iodide and the like can also be added to obtain good results. Examples of the ethynylsilane derivative include trimethylsilyl 
acetylene, triethy Isilyl acetylene, triisopropylsilyl acetylene, t-butyldi methylsi lyl acetylene and the like. An alkyl magne- 
sium halide such as ethyl magnesium bromide and isopropyl magnesium chloride can be used as the Grignard reagent. 
The ethynylsilane derivative can be used in the amount of 1 to 3 equivalents based on compound (2c). The Grignard 
reagent can be used in the amount of 1 to 3 equivalents based on compound (2c). The copper reagent can be used in 
the amount of 0.1 to 3 equivalents based on compound (2c). The reaction temperature is from room temperature to 
reflux temperature, and the reaction time is from 1 hour to 72 hours. 

[Step 4-5] 

[0302] This step is a step wherein compound (4c) is obtained by deprotecting the trimethylsilyl group of compound 
(4c-1). Compound (4c) can be manufactured according to the methods similar to those of [Step 1-2]. 

[Manufacturing Method 5] Typical method for manufacturing compound (5a): 

[0303] 



(wherein R 1 , R 2 , R 3 , R 4 , X and Y are defined as above.) 
[Manufacturing Method 5-1] Method for manufacturing compound (5a): 
[0304] 




(wherein R 1 , R 2 , R 3 , R 4 , X and Y are defined as above.) 

[0305] Compound (5a-1) can be manufactured according to the method described in the Manufacturing Examples in 
the Examples, [Manufacturing Method 5-2] given below orthe like. Compound (1c-1 0-1) and compound (1 c-1 0-2) which 
are commercially available products can be used as is, orthey can also be manufactured from commercially available 
products by the well known methods. 

[Step 5-1] 

[0306] This step is a step wherein compound (5a) is obtained by adding 1 equivalent of base to compound (5a-1) to 
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obtain phenoxide ions, followed by reacting with compound (1c-10-2). 

[0307] Phenoxide ion production: Phenoxide ions can be obtained by adding 1 equivalent of a base to compound (5a- 
1) in asolvent such as tetrahydrofu ran or methanol. Examples of the base include potassium hydroxide, sodium hydroxide, 
potassium carbonate, sodium carbonate, potassium f-butoxide and the like, preferably sodium hydroxide. The solvent 
5 is preferably concentrated for use in the following reaction. The reaction temperature is room temperature, and the 
reaction time is from 5 minutes to 1 hour. 

[0308] Reaction of phenoxide ions with compound (1c-1 0-2): The phenoxide ions and compound (1c-1 0-2) are reacted 
in a solvent to obtain compound (5a). There are no particular limitations on the solvent used in this reaction as long as 
it dissolves the starting materials to a certain extent without impeding the reaction. Example of the solvent include amide 
10 solvents such as N,N-dimethylformamide, N-methylpyrrolidinone and hexamethylphosphoramide; and dimethyl sulfox- 
ide, mixed solvents of the foregoing and the like. Compound (1c-10-2) is used in the amount of 1 to 3 equivalents based 
on compound (5a-1). The reaction temperature is from room temperature to reflux temperature, and the reaction time 
is from 10 minutes to 48 hours. 

[0309] Compound (5a) can also be obtained from compound (5a-1) according to the method described below as 
is Alternative Method (1). 

Alternative Method (1): Compound (5a) can be obtained by reacting compound (5a-1) with compound (1c-10-2) in the 
presence of a base. There are no particular limitations on the solvent used in this reaction as long as it dissolves the 
starting materials to a certain extent without impeding the reaction. Examples of the solvent include ether solvents such 
as tetrahydrofuran and diethyl ether, aromatic hydrocarbon solvents such as benzene and toluene, amide solvents such 

20 as N,N-dimethylformamide and N-methylpyrrolidinone; and dimethyl sulfoxide, mixed solvents of the foregoing and the 
like. Examples of the base include sodium hydride, potassium carbonate, sodium carbonate, cesium carbonate, potas- 
sium hydroxide, sodium hydroxide and the like. A catalytic amount of sodium iodide or potassium iodide or tetrabuty- 
lammonium iodide can also be added to obtain good results. The base is added in the amount of 1 to 1.5 equivalents 
based on compound (5a-1). The reaction temperature is from room temperature to reflux temperature, and the reaction 

25 time is from 10 minutes to 48 hours. 

[Step 5-2] 

[0310] This step is a step wherein compound (5a) is obtained by reacting compound (5a-1) with compound (1c-10-1). 
so Compound (5a) can be manufactured according to the methods similar to those of [Step 1 -37]. 

[Manufacturing Method 5-2] Method for manufacturing compound (5a-1): 

[0311] 

35 




(wherein R 1 , R 2 , R 4 , X and Y are defined as above.) 

[0312] Compound (5a-2) can be manufactured according to the methods described in the Manufacturing Examples 
in the Examples, [Manufacturing Method 1], [Manufacturing Method 2], [Manufacturing Method 3] and [Manufacturing 
Method 4] which are given above or the like. 

[Step 5-3] 

[0313] This step is a step wherein compound (5a-1 ) is obtained by reacting acid with compound (5b-2). An additive 
such as thioanisole may be added in the reaction system to obtain better results. There are no particular limitations on 
the solvent used in this reaction as long as it dissolves the starting materials to a certain extent without impeding the 
reaction. Examples of the solvent include ether solvents such as diethyl ether and tetrahydrofuran; and methylene 
chloride, trifluoroacetic acid and the like. Examples of the acid include organic acids such as trifluoroacetic acid and 
methanesulfonic acid; inorganic acids such as sulfuric acid; Lewis acids such as boron trifluoride diethyl etherate; and 
the like. Examples of the additives include thioanisole, ethanethiol, dl-methionine and the like. The acid is used in the 
amount of 1 equivalent to the solvent amount based on compound (5a-2). The additive is used in the amount of 1 to 5 
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equivalents based on compound (5a-2). The reaction temperature is from 0°C to reflux temperature, and the reaction 
time is from 1 0 minutes to 72 hours. 

[0314] Compound (5a-1) can also be obtained from compound (5a-2) according to the method described below as 
Alternative Method (1). 

Alternative Method (1): Compound (5a-1) can be obtained by reacting compound (5a-2) with boron tribromide or boron 
trichloride. There are no particular limitations on the solvent used in this reaction as long as it dissolves the starting 
materials to a certain extent without impeding the reaction, but methylene chloride is preferably used. The boron tribromide 
or boron trichloride is used in the amount of 1 to 5 equivalents based on compound (5a-2). The reaction temperature is 
from -78°C to room temperature, and the reaction time is from 30 minutes to 24 hours. 

[Manufacturing Method 6-1] Method 1 for manufacturing halogen-modified product of compound (1 a) 

[0315] 




(6-1) 



(wherein ring A, Z, Hal, R 1 and R 3 are defined as above; R 39 represents a hydrogen atom or a C v 6 alkyl group.) 
[0316] Compound (6a-2) can be manufactured accordingto the methods described in [Manufacturing Method 1], 

[Step 6-1] 

[0317] This step is a step wherein compound (6a-1) is obtained by substituting a halogen atom for a hydrogen atom 
on the pyridine ring of compound (6a-2). Compound (6a-1) can be manufactured according to the methods similar to 
those of [Step 1-11]. 

[Manufacturing Method 6-2] Method 2 for manufacturing halogen-modified product of compound (1a) 
[0318] 




(6a-4) (6a-3) 



(wherein ring A, Z, Hal, R 2 and R 3 are defined as above; R 40 represents a hydrogen atom or a C^_ 6 6 alkyl group.) 
[0319] Compound (6a-4) can be manufactured according to the methods described in [Manufacturing Method 1]. 

[Step 6-2] 

[0320] This step is a step wherein compound (6a-3) is obtained by substituting a halogen atom for a hydrogen atom 
on the pyridine ring of compound (6a-4). Compound (6a-3) can be manufactured according to the methods similar to 
those of [Step 1-11]. 

[Manufacturing Method 7] Method 3 for manufacturing halogen-modified product of compound (1a) 
[0321] 
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R 5 



[step 7-2) 

(7a-1) (7a-2) (7a-3) 

[step 7-3] < N ^^ [step7-4) 
(7a-4) 



(wherein ring A, Hal, R 3 , R 5 , R 6 and Z is defined as above.) 
[0322] Compound (7a- 1 ) which is a commercially available can be used as is. Compound (1c- 1 ) can be manufactured 
from commercially available products by the known methods, and can be manufactured according to the methods 
described in Manufacturing Example of Example or [Manufacturing Method 1-3-1], and the like. 

[Step 7-1] 

[0323] This step is a step wherein compound (7a-2) is obtained by substituting a halogen atom for a hydrogen atom 
on the pyridine ring of compound (7a-1). Compound (7a-2) can be manufactured according to the methods similar to 
those of [Step 1-11]. 

[Step 7-2] 

[0324] This step is a step wherein compound (7a-3) is obtained by reacting compound (7a-2) and an ethinylsilane 
derivative. Compound (7a-3) can be manufactured according to the methods similar to those of [Step 1 -1 ]. 

[Step 7-3] 

[0325] This step is a step wherein compound (7a-4) is obtained by reacting compound (7a-3) with a base. Compound 
(7a-4) can be manufactured according to the methods similar to those of [Step 1 -2], 

[Step 7-4] 

[0326] This step is a step wherein compound (7a) is obtained by reacting compound (7a-4) and compound (1c-1), in 
the presence of a base. Compound (7a) can be manufactured according to the methods similar to those of [Step 1 ]. 

[Manufacturing Method 8] Method 1 for manufacturing amino group-modified product of compound (1 a) 

[0327] 






(wherein ring A, R 2 , R 3 , R 4 , X, Y and Z are defined as above; R 3 represents a hydrogen atom, a C 15 alkyl group, a 
hydroxy C r5 alkyl group, a C r6 alkoxy carbonyl group or a C-,_ 6 alkoxy C^g alkyl group.) 
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[0328] Compound (8a-1 -1 ) which is a commercially available product can be used as is, or may also be manufactured 
from commercially available products by the known methods. Compound (8a-1) can be manufactured according to the 
methods described in [Manufacturing Method 1], or the like. 

5 [Step 8] 

[0329] This step is a step wherein compound (8a) is obtained by reacting compound (8a-1) and compound (8a-1-1) 
in the presence of a reducing agent. This step can be carried out by adding an acid such as acetic acid or hydrochloric 
acid in catalytic amount to solvent amount. There are no particular limitations on the solvent used in this reaction as 

10 long as it dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvent 
include ether solvents such as tetrahydrofuran and diethyl ether; aromatic hydrocarbon solvents such as benzene and 
toluene; amide solvents such as N,N-dimethylformamide and N-methylpyrrolidinone; alcohol solvents such as methanol 
and ethanol; halogenated hydrocarbon solvents such as methylene chloride and chloroform, 1 ,2-dichloroethane; water, 
acetic acid, mixed solvents of the foregoing, orthe like, preferably a mix ed solvent of N,N-dimethylformamide and acetic 

is acid. Examples of the reducing agent used in this reaction include a-picoline borane, pyridine-borane, sodium cyanoboro- 
hydride, sodium triacetoxyborohydride and the like, preferably a-picoline borane. Compound (8a-1-1) can be used in 
the amount of 1 to 5 equivalents based on compound (8a-1), preferably 1 to 1.5 equivalents. The reducing agent can 
be used in the amount of 0.5 to 5 equivalents based on compound (8a-1), preferably 1 to 1.5 equivalents. The reaction 
temperature is from 0°C to reflux temperature, and the reaction time is from 10 minutes to 48 hours. 

20 

[Manufacturing Method 9] Method 2 for manufacturing amino group-modified product of compound (1 a) 
[0330] 




(wherein ring A, R 2 , R 3 , R 4 , X, Y and Z are defined as above; R 3 represents aC,- 6 alkyl group or a C,_ 6 alkoxyalkyl 
group.) 

40 [0331] Compound (8a-1-2), compound (8a-1-3) and compound (8a-1-4) which are commercially available products 
can beused as is, or they may also be manufactured from commercially available products by the known methods. 
Compound (8a-1) can be manufactured according to the methods described in [Manufacturing Method 1], orthe like. 

[Step 9-1] 

45 

[0332] This step is a step wherein compound (9a) is obtained by reacting compound (8a-1-2) or compound (8a-1-3) 
with compound (8a-1), in the presence of a base. There are no particular limitations on the solvent used in this reaction 
as long as it dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvent 
include ether solvents such as tetrahydrofuran and diethyl ether; aromatic hydrocarbon solvents such as benzene and 

so toluene; amide solvents such as N,N-dimethylformamide and N-methylpyrrolidinone; halogenated hydrocarbon solvents 
such as methylene chloride and chloroform, mixed solvents of the foregoing, or the like. Examples of the base include 
triethylamine, pyridine, potassium carbonate, orthe like. A catalytic amount of 4-dimethylaminopyridine can also be 
added in order to accelerate the reaction. Compound (8a-1-2) or compound (8a-1-3) can be used in the amount of 1 to 
5 equivalents based on compound (8a-1), preferably 1 to 1.5 equivalents. The base can be used in the amount of 0.5 

55 equivalents to solvent amount based on compound (8a-1), preferably 1 to 1 .5 equivalents. The reaction temperature is 
from 0°C to reflux temperature, and the reaction time is from 10 minutes to 48 hours. 
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[Step 9-2] 

[0333] This step is a step wherein compound (9a) is obtained by reacting compound (8a- 1 ) and compound (8a-1 -4), 
in the presence of a condensing reagent. There are no particular limitations on the solvent used in this reaction as long 
as it dissolves the starting materials to a certain extent without impeding the reaction. Examples of the solvent include 
halogenated hydrocarbon solvents such as methylene chloride and chloroform; ether solvents such as tetrahydrofuran 
and 1,4-dioxane; amide solvents such as N,N-dimethylformamide and N-methylpyrrolidinone; sulfoxide solvents such 
as dimethyl sulfoxide; ester solvents such as ethyl acetate, mixed solvents of the foregoing, or the like. Examples of the 
condensing reagent include Bop (1 H-1,2,3-benzotriazole-1-yloxy(tri(dimethylamino)) phosphonium hexafluorophos- 
phate), WSC (1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride), DCC (N,N-dicyclohexylcarbodiimide), or 
the like. A catalytic amount of 4-dimethylaminopyridine can also be added to accelerate the reaction. In addition, this 
step can also be carried out by adding a base such as triethylamine in the amount of 1 to 5 equivalents. Compound (8a- 
1-4) can be used in the amount of 1 to 3 equivalents based on compound (8a-1), preferably 1 to 1 .5 equivalents. The 
condensing reagent can be used in the amount of 1 to 3 equivalents based on compound (Ba-1), preferably 1 to 1.5 
equivalents. The reaction temperature is from 0°C to reflux temperature, and the reaction time is from 1 0 minutes to 48 
hours. 

[Manufacturing Method 1 0] Method 3 for manufacturing amino group-modified product of compound (1 a) 
[0334] 




(wherein ring A, R 3 , R 4 , X, Y and Z are defined as above; R 37 represents a hydrogen atom, a halogen atom, R 12 - 
(CO)-NH-(R 12 is a C 16 alkyl group or a C^g alkoxy C 16 alkyl group), a C 16 alkyl group, a hydroxy C 16 alkyl group, a 
cyano C 1S alkyl group, a C.,. 6 alkoxy group or a C,. 6 alkoxy C^g alkyl group; R 38 represents a hydrogen atom and a 
C-,,5 alkyl group.) 

[0335] Compound (1 Oa-1 -1 ) which is be a commercially available product can be used as is, or may also be manu- 
factured from the commercially available products by the known methods. Compound (10a-1) can be manufactured 
according to the methods described in [Manufacturing Method 1], or the like. 

[Step 10] 

[0336] This step is a step wherein compound (1 Oa) is obtained by reacting compound (1 Oa-1 ) and compound (1 Oa- 
1-1) in the presence of a reducing agent. Compound (10a) can be manufactured according to the methods similar to 
those of [Step 8]. 

[Examples] 

[0337] The compounds according to the present invention can be manufactured, for example, according to the methods 
described in the following manufacturing examples and examples. These are only examples, however, and the com- 
pounds according to the present invention are in no way limited to the following specific examples. 

[Example 1 ] 3-(3-(4-Benzyloxy-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[0338] 
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[0339] To a mixture of 4-benzyloxy-phenyl-acetohydroximoyl chloride (1 .2 g, 4.4 mmol) described in Manufacturing 
Example 1-1-3 and tetrahydrofuran (34 mL) were added 3-Ethynyl-pyridin-2-ylamine (260 mg, 2.2 mmol) described in 
Manufacturing Example 1 -2-3 and triethylamine (3.0 mL, 22 mmol) at 0°C, which was stirred for 1 hour at room temper- 
ature. To the reaction mixture was added water at room temperature, which was then extracted with ethyl acetate- 
tetrahydrofuran (2:1). The organic layer was washed with saturated aqueous sodium chloride, and the solvent was 
evaporated under a reduced pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : 
heptane = 1 : 3) to obtain the title compound (240 mg, 15%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 4.00 (2H, s), 5.05 (2H, s), 5.41 (2H, s), 6.24 (1 H, s), 6.71 (1 H, dd, J = 4.9, 7.6 
Hz), 6.93-6.97 (2H, m), 7.1 8-7.22 (2H, m), 7.31-7.44 (5H, m), 7.70 (1 H, dd, J = 1 .7, 7.6 Hz), 8.13 (1 H, dd, J = 1 .8, 4.9 Hz). 
The starting material, 4-benzyloxy-phenyl-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 1-1-1] 1 -Benzyloxy-4-((E)-2-nitro-vinyl)-benzene 

[0340] 



[0341] To a mixture of 4-benzyloxybenzaldehyde (1 .0 g, 4.7 mmol) and sodium methoxide (28% methanol solution, 
150 |xL, 0.74 mmol) and methanol (10 mL) were added nitromethane (330 \x,L, 6.1 mmol) and sodium methoxide (28% 
methanol solution, 1.0 mL, 4.9 mmol) at0°C, which was stirred for 10 minutes at room temperature. The reaction mixture 
was cooled to 0°C, and 5 N aqueous hydrochloric acid solution (20 mL) was added thereto at the same temperature. 
The reaction mixture was then stirred for 15 minutes at room temperature. The precipitated solids were filtered to obtain 
the title compound (1 .2 g, 1 00%). 

1 H-NMR Spectrum (DMSO-d 6 ) 6 (ppm): 5.20 (2H, s), 7.10-7.14 (2H, m), 7.32-7.48 (5H, m), 7.82-7.85 (2H, m), 8.12 (2H, 
dd, J = 13.5, 18.2 Hz). 



[Manufacturing Example 1-1-2] 1-Benzyloxy-4-(2-nitro-ethyl)-benzene 
[0342] 



[0343] To a mixture of 1-benzyloxy-4-((£)-2-nitro-vinyl)-benzene (1.0 g, 3.9 mmol) described in Manufacturing Example 
1-1-1, acetic acid (1 mL) and dimethyl sulfoxide (17 mL) was added sodium borohydride (250 mg, 6.3 mmol) at room 
temperature while cooling appropriately, and the reaction mixture was stirred for 40 minutes at room temperature. Water 
was added to the reaction mixture. The reaction mixture was partitioned into ethyl acetate and water. The organic layer 
was washed with water and saturated aqueous sodium chloride, and dried over anhydrous magnesium sulfate, and the 
solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column chromatography 
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(ethyl acetate : heptane = 1 :3) to obtain the title compound (710 mg, 70%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.26 (2H, t, J = 7.2 Hz), 4.56 (2H, t, J = 7.2 Hz), 5.04 (2H, s), 6.92 (2H, d, J = 8.4 
Hz), 7.1 1 (2H, d, J = 8.8 Hz), 7.30-7.42 (5H, m). 

[Manufacturing Example 1-1-3] 4-Benzyloxy-phenyl-acetohydroximoyl chloride 
[0344] 




[0345] To a mixture of 1 -benzyloxy-4-(2-nitro-ethyl)-benzene (340 mg, 1 .3 mmol) described in Manufacturing Example 
1-1-2 and methanol (5 mL) was added lithium methoxide (100 mg, 2.6 mmol) at room temperature, which was stirred 
for 15 minutes at room temperature. The reaction mixture was concentrated under a reduced pressure. Methylene 
chloride (4 mL) and tetrahydrofuran (2 mL) were added to the residue. Titanium (IV) chloride was added at -78°C to the 
reaction mixture, which was then stirred for 50 minutes at 0°C. The reaction mixture was cooled to -78°C, and after 
adding water (5 mL), the reaction mixture was gradually warmed to room temperature. The reaction mixture was parti- 
tioned into ethyl acetate and water. The organic layer was washed with saturated aqueous sodium chloride, and the 
solvent was evaporated under a reduced pressure. The residue was purified by neutral silica gel column chromatography 
(ethyl acetate : heptane = 1 : 3) to obtain the title compound (310 mg, 84%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.83 (2H, s), 5.07 (2H, s), 6.94-6.98 (2H, m), 7.1 7-7.21 (2H, m), 7.32-7.44 (5H, m). 
The starting material, 3-ethynyl-pyridin-2-ylamine, was synthesized as follows. 

[Manufacturing Example 1-2-1] 3-lodopyridin-2-ylamine 

[0346] 




[0347] A mixture of N-(3-lodopyridin-2-yl)-2,2-dimethyl-propionamide (66.2 g, 21 8 mmol) described in Manufacturing 
Example 39-1-2, 5 N aqueous sodium hydroxide solution (200 mL) and methanol (200 mL) was stirred under reflux for 
1 hour and 20 minutes. The reaction solution was allowed to room temperature and partitioned into water and ethyl 
acetate. The aqueous layer was extracted with ethyl acetate three times. The organic layers were combined, washed 
with saturated aqueous sodium chloride, and dried over anhydrous sodium sulfate. The sodium sulfate was removed 
by filtration, and the solvent was concentrated under a reduced pressure to obtain the title compound (41 .2 g, 85.9%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 6.00 (2H, brs), 6.32 (1H, dd, J = 4.8 Hz, 7.2 Hz), 7.87 (1H, d, J = 7.2 Hz), 7.92 
(1H, d, J = 4.8 Hz). 

[Manufacturing Example 1-2-2] 3-Trimethylsilanylethynyl-pyridin-2-ylamine 



[0348] 
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10 

[0349] To a mixture of 3-iodopyridin-2-ylamine (40.2 g, 1 83 mmol) described in Manufacturing Example 1 -2-1 , trimeth- 
ylsilylacetylene (51.7 mL, 366 mmol), copper (I) iodide (3.49 g, 18.3 mmol), A/,A/-diisopropylethylamine (63.7mL, 
366mmol) and N-methylpyrrolidinone (200 mL) was added tetrakis(triphenylphosphine)palladium (0) (1 0.6 g, 9.15 mmol) 
under nitrogen atmosphere, which was stirred for 3 hours and 10 minutes at room temperature. Water was added to the 
is reaction solution, which was then extracted with ethyl acetate 4 times. The solvent was concentrated under a reduced 
pressure. The residue was purified by NH silica gel chromatography (heptane : ethyl acetate =4:1 ). The resulting solution 
was concentrated under a reduced pressure, and the residue was purified by silica gel chromatography (heptane : ethyl 
acetate = 2:1 then 1 : 1) to obtain the title compound (28.1 g, 80.7%). 

1 H-NMR Spectrum (DMSO-d B ) S (ppm): 0.25 (9H, s), 6.09 (2H, brs), 6.51-6.57 (1 H, m), 7.50-7.55 (1 H, m), 7.95-7.99 
20 (1 H, m). 

[Manufacturing Example 1-2-3] 3-Ethynyl-pyridin-2-ylamine 

[0350] 

25 



30 




[0351] To a solution of 3-trimethylsilanylethynyl-pyridin-2-ylamine (28.1 g, 148 mmoL) described in Manufacturing 
35 Example 1-2-2 in tetrahydrofuran (300 mL) was added tetrabutylammonium fluoride (1 M tetrahydrofuran solution, 20 
mL, 20 mmol), which was stirred for 15 minutes at room temperature. Water was added to the reaction solution, which 
was then extracted with ethyl acetate 4 times. The organic layer was dried over anhydrous sodium sulfate, and the 
solvent was evaporated under a reduced pressure. The residue was purified by silica gel chromatography (heptane : 
ethyl acetate = 1:1 then 1 : 2) to obtain the title compound (1 6.4 g, 93.7%). 
40 iH-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.43 (1 H, s), 6.14 (2H, brs), 6.53 (1 H, dd, J = 4.8 Hz, 7.2 Hz), 7.53 (1 H, d, J 
= 7.2 Hz), 7.96 (1 H, d, J = 4.8 Hz). 

[Manufacturing Example 1-3-1] 3-Trimethylsilanylethynyl-pyridin-2-ylamine (Alternative Method) 
45 [0352] 



50 



55 




[0353] To a solution of 2-amino-3-bromopyridine (5.72 g, 33.1 mmol) in N-methylpyrrolidinone (120 mL) were added 
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trimethylsilyl acetylene (9.36 mL, 66.2 mmol), tetrakis(triphenylphosphine)palladium (0) (1.91 g, 1.66 mmol), copper (I) 
iodide (630 mg, 3.31 mmol) and N,N-diisopropylethylamine (1 1 .5 mL, 66.2 mmol) at room temperature, which was stirred 
under nitrogen atmosphere for 6 hours at 70°C. Water was added to the reaction solution, which was then extracted 
with ethyl acetate. The organic layer was washed with water and saturated aqueous sodium chloride, and dried over 
anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by 
silica gel column chromatography (heptane: ethyl acetate = 2:1) to obtain the title compound (5.94 g, 94%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 0.23 (9H, s), 6.07 (2H, brs), 6.51 (1 H, dd, J = 4.9, 7.5 Hz), 7.49 (1 H, dd, J = 
1 .8, 7.5 Hz), 7.94 (1 H, dd, J = 1 .8, 4.9 Hz). 

[Example 2] 3-(3-(4-(Pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 
[0354] 




[0355] To a solution of (4-(pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride (51 0 mg, 1 .84 mmol) described 
in Manufacturing Example 2-1-5 and 3-ethynylpyridin-2-ylamine (150 mg, 1.27 mmol) described in Manufacturing Ex- 
ample 1-2-3 in tetrahydrofuran (5 mL) was added triethylamine (708 |j,L, 5.08 mmol) at room temperature, which was 
stirred for 95 minutes at room temperature. Water was added at room temperature to the reaction solution, which was 
then extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and dried 
over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified 
by NH silica gel column chromatography (heptane : ethyl acetate = 2 : 1) to obtain the title compound (120 mg, 26%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.08 (2H, s), 5.37 (2H, s), 6.33 (1 H, s), 6.45 (2H, brs), 6.79-6.82 (2H, m), 6.88-6.91 
(1 H, m), 7.30 (2H, d, J = 8.1 Hz), 7.45 (2H, d, J = 8.1 Hz), 7.57-7.61 (1 H, m), 7.85 (1 H, d, J = 7.3 Hz), 8.03 (1 H, d, J 
= 5.5 Hz),8.17(1H,m). 

The starting material; (4-(pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 2-1-1] (4-(Pyridin-2-yloxymethyl)-phenyl)methanol 

[0356] 




[0357] To a mixture of 1 ,4-benzenedimethanol (5.5 g, 40 mmol), 2-fluoropyridine (1.3 g, 13 mmol) and N,N-dimethyl- 
formamide (15 mL) was added sodium hydride (1 .4 g, 40 mmol, 66% in oil) at 0°C, which was stirred for 20 minutes at 
room temperature and for 1 hour at 70°C. Water was added to the reaction mixture, which was then extracted with ethyl 
acetate. The organic layer was washed with saturated aqueous sodium chloride, and the solvent was evaporated under 
a reduced pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : heptane = 1:1) 
to obtain the title compound (1 .9 g, 66%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.71 (2H, s), 5.38 (2H, s), 6.81 (1 H, td, J = 0.9, 8.4 Hz), 6.89 (1 H, ddd, J = 0.9, 
5.1, 7.1 Hz), 7.37-7.47 (4H, m), 7.59 (1 H, ddd, J =2.0, 7.1, 8.3 Hz), 8.17 (1 H, ddd, J = 0.7, 2.0, 5.1 Hz). 

[Manufacturing Example 2-1-2] 4-(Pyridin-2-yloxymethyl)-benzaldehyde 



[0358] 
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[0359] To a mixture of (4-(pyridin-2-yloxymethyl)-phenyl)methanol (1 .9 g, 8.6 mmol) described in Manufacturing Ex- 
ample 2-1-1 and methylene chloride (30 mL) was added manganese dioxide (15 g, 17 mmol) at room temperature, 
which was stirred overnight at that temperature. The reaction mixture was filtered through a Celite pad, and the solvent 
was evaporated under a reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate : 
heptane = 1 : 4) to obtain the title compound (770 mg, 42%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 5.48 (2H, s), 6.85 (1 H, d, J = 8.2 Hz), 6.90-6.93 (1 H, m), 7.60-7.64 (3H, m), 7.89 
(2H, d, J = 8.1 Hz), 8.16(1 H,dd, J = 1.3, 4.9 Hz), 10.0(1 H, s). 

[Manufacturing Example 2-1-3] 2-(4-((£)-2-Nitro-vinyl)-benzyloxy)-pyridine 



[0361] A mixture of 4-(pyridin-2-yloxymethyl)-benzaldehyde (23.4 g, 110 mmol) described in Manufacturing Example 
2-1-2, nitromethane (33.6 g, 550 mmol), ammonium acetate (17.0 g, 220 mmol) and acetic acid (200 mL) was stirred 
for 1 hour and 45 minutes at 100°C. The reaction solution was stirred on an ice bath while adding a small amount of 
water, and the precipitated solids were filtered to obtain the title compound (21 .0 g, 74.5%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 5.41 (2H, s), 6.91 (1 H, dd, J = 0.8, 8.4 Hz), 6.99-7.10 (1 H, m), 7.53 (2H, d, J 
= 8.0 Hz), 7.72-7.79 (1 H, m), 7.86 (2H, d, J = 8.0 Hz), 8.13 (1 H, d, J = 1 0 Hz), 8.15-8.20 (1 H, m), 8.23 (1 H, d, J = 1 0 Hz). 

[Manufacturing Example 2-1-4] 2-(4-(2-Nitro-ethyl)-benzyloxy)-pyridine 



[0363] To a solution of 2-(4-((£)-2-nitro-vinyl)-benzyloxy)-pyridine (21.0 g, 81.9 mmol) described in Manufacturing 
Example 2-1-3, acetic acid (21 mL) in dimethyl sulfoxide (200 mL) was added sodium borohydride (4.96 g, 131 mmol) 
at room temperature while cooling appropriately. After addition of sodium borohydride, the cooling bath was removed, 
followed by stirring for 1 5 minutes at room temperature. The reaction solution was partitioned into water and ethyl acetate. 
The ethyl acetate layer was washed with water twice and with saturated aqueous sodium chloride once, and dried over 
anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by 
NH silica gel column chromatography (ethyl acetate : heptane = 1 : 3) to obtain the title compound (16.3 g, 77.1 %). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.23 (2H, t, J = 6.8 Hz), 4.85 (2H, t, J = 6.8 Hz), 5.32(2H, s), 6.82-6.88 (1 H, 
m), 6.96-7.01 (1 H, m), 7.28 (2H, d, J = 8.0 Hz), 7.38 (2H, d, J = 8.0 Hz), 7.69-7.74 (1 H, m), 8.15-8.19 (1 H, m). 

[Manufacturing Example 2-1-5] 4-(Pyridin-2-yloxymethyl)-phenyl-acetohydroximoyl chloride 



[0360] 




[0362] 




[0364] 
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ci- 




[0365] Lithium wire (323 mg, 46.6 mmol) was added to and dissolved in methanol (75 mL). To the mixture solution 
was added 2-(4-(2-nitro-ethyl)-benzyloxy)-pyridine (6.0 g, 23.3 mmol) described in Manufacturing Example 2-1-4. The 
reaction solution was concentrated under a reduced pressure. Toluene was added to the residue, and the solvent was 
concentrated under a reduced pressure. A solution of the resulting residue in methylene chloride (90 mL) and tetrahy- 
drofuran (45 mL) was cooled to - 78°C, and titanium (IV) chloride (8.15 mL, 74.4 mmol) was added while stirring. 
Immediately after addition of the titanium (IV) chloride, the reaction mixture was stirred for 10 minutes at 0°C and 30 
minutes at room temperature. The reaction solution was poured into an ice water and extracted with ethyl acetate. The 
organic layer was dried over anhydrous magnesium sulfate, and the magnesium sulfate was removed by filtration. The 
filtrate was passed through a glass filter covered with neutral silica gel, washed with ethyl acetate. The resulting eluate 
was concentrated under a reduced pressure. A small amount of ethyl acetate was added to the residue, and the pre- 
cipitated solids were filtered out to obtain the title compound (1 .86 g, 28.8%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.82 (2H, s), 5.33 (2H, s), 6.84-6.89 (1 H, m), 6.97-7.01 (1 H, m), 7.25 (2H, d, 
J = 8.4 Hz), 7.41 (2H, d, J = 8.4 Hz), 7.70-7.76 (1 H, m), 8.15-8.18 (1 H, m), 1 1.7 (1 H, s). 

[Example 3] 3-(3-(4-(6-Methyl-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0367] To a solution of 3-ethynyl-pyridin-2-ylamine (30 mg, 0.25 mmol) described in Manufacturing Example 1 -2-3 in 
anhydrous tetrahydrofuran (5 mL) was added (4-(6-methyl-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride 
(222 mg, 0.76 mmol) described in Manufacturing Example 3-1-5 under nitrogen atmosphere at room temperature. 
Triethylamine (1 42 |xL, 1 .0 mmol) was added dropwise to the reaction solution, and stirred overnight at room temperature. 
The reaction mixture was partitioned into water and ethyl acetate. The organic layer was washed with water and saturated 
aqueous sodium chloride, and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced 
pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : heptane =1:3 then 1:1) 
to obtain the title compound (1 0.5 mg, 1 1 %). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 2.39 (3H, s), 4.04 (2H, s), 5.29 (2H, s), 6.26 (2H, brs), 6.61-6.64 (1 H, m), 
6.68-6.71 (1 H, m), 6.81 (1 H, s), 6.83 (1 H, d, J = 7.2 Hz), 7.33 (2H, d, J = 8.0 Hz), 7.42 (2H, d, J = 8.0 Hz), 7.57-7.61 
(1 H, dd, J = 7.2, 8.4 Hz), 7.87 (1 H, dd, J = 2.0, 7.6 Hz), 8.08 (1 H, dd, J = 2.4, 5.0 Hz). 

The starting material, (4-(6-methyl-pyridin-2-yloxymethyl)-benzene)-acetohydroximoyl chloride, was synthesized as fol- 
lows. 

[Manufacturing Example 3-1-1] 2-(4-Bromo-benzyloxy)-6-methyl-pyridine 



[0366] 




N NH 2 



[0368] 
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[0369] To a solution of (4-bromo-phenyl)-methanol (4.54 g, 24.3 mmol) in N,N-dimethylformamide (50 mL) was added 
sodium hydride (999 mg, 25 mmol, 60% in oil) under nitrogen atmosphere on an ice bath (0°C), which was stirred for 
30 minutes at room temperature. 2-Fluoro-6-methylpyridine (1.8 g, 16.2 mmol) was then added to the reaction mixture 
on an ice bath (0°C), and stirred for 5 hours at room temperature. The reaction mixture was partitioned into water and 
ethyl acetate on the ice bath (0°C). The organic layer was washed with water and saturated aqueous sodium chloride, 
and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue 
was purified by silica gel column chromatography (ethyl acetate : heptane = 1 : 15) to obtain the title compound (3.65 
g, 81%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 2.44 (3H, s), 5.32 (2H, s), 6.57-6.59 (1 H, m), 6.71-6.74 (1H, m), 7.26-7.35 (2H, 
m), 7.44-7.49 (3H m). 

[Manufacturing Example 3-1-2] 4-(6-Methyl-pyridin-2-yloxymethyl)-benzaldehyde 
[0370] 




[0371] Under nitrogen atmosphere, to a solution of 2-(4-bromo-benzyloxy)-6-methylpyridine (7.30 g, 26.2 mmol) de- 
scribed in Manufacturing Example 3-1-1 in anhydrous tetrahydrofuran (200 mL) was added dropwise n-butyl lithium 
(2.67 M n-hexane solution, 1 1 .8 mL, 31 .4 mmol) on a dry ice-ethanol bath (-78°C), which was stirred for 30 minutes at 
-78°C. N,N-dimethylformamide (4.04 mL, 52.4 mmol) was added to this mixture at -78°C, and stirred for 5 minutes. 
Water and ethyl acetate were added to the reaction mixture, which was stirred for 10 minutes at room temperature, and 
the organic layer was then separated. This organic layer was washed with water and saturated aqueous sodium chloride, 
and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue 
was purified by NH silica gel column chromatography (ethyl acetate : heptane = 1 : 3) to obtain the title compound (4.1 9 
g, 70%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 2.44 (3H, s), 5.46 (2H, s), 6.12-6.64 (1H, m), 6.74-6.75 (1 H, m), 7.44-7.50 (1 H, 
m), 7.62 (2H, d, J = 8.0 Hz), 7.88 (2H, d, J = 8.0 Hz), 10.0 (1 H, s). 

[Manufacturing Example 3-1-3] 2-Methyl-6-(4-((£)-2-nitro-vinyl)-benzyloxy)-pyridine 

[0372] 



[0373] To a solution of 4-(6-methyl-pyridin-2-yloxymethyl)-benzaldehyde (4.19 g, 18.5 mmol) described in Manufac- 
turing Example 3-1 -2 in acetic acid (30 mL) were added nitromethane (5.65 g, 92.6 mmol) and ammonium acetate (2.85 
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g, 37.0 mmol) under nitrogen atmosphere, which was stirred for 3 hours at 1 1 0°C. The reaction mixture was partitioned 
into water and ethyl acetate. The organic layer was washed with water and saturated aqueous sodium chloride, and 
dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure to obtain the title 
compound (5.50 g) as a crude product. 
5 1H-NMR Spectrum (CDCI 3 ) 8 (ppm): 2.45 (3H, s), 5.43 (2H, s), 6.05-6.28 (1 H, m), 6.74-6.76 (1H, m), 7.47-7.51 (1 H, 
m), 7.55 (4H, s), 7.59 (1 H, d, J = 13.6 Hz), 8.01 (1H, d, J = 13.6 Hz). 

[Manufacturing Example 3-1-4] 2-Methyl-6-(4-(2-nitro-ethyl)-benzyloxy)pyridine 

JO [0374] 



15 




20 

[0375] To a solution of 2-methyl-6-(4-((£)-2-nitro-vinyl)-benzyloxy)-pyridine (5.00 g, 18.5 mmol) described in Manu- 
facturing Example 3-1-3 and acetic acid (5 mL) in dimethyl sulfoxide (50 mL) was added sodium borohydride (1.2 g, 
29.6 mmol) under nitrogen atmosphere at room temperature while cooling appropriately, which was stirred for 1 0 minutes 

25 at room temperature. Water was then added dropwise. The mixture was partitioned into water and ethyl acetate. The 
organic layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous magnesium 
sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column 
chromatography (ethyl acetate : heptane = 1:5 then 1 : 2) to obtain the title compound (2.8 g, 56%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 2.39 (3H, s), 3.22 (2H, t, J = 6.8 Hz), 4.B5 (2H, t, J = 6.8 Hz), 5.28 (2H, s), 6.64 

30 (1 H, d, J = 8.0 Hz), 7.84 (1 H, d, J = 8.0 Hz), 7.28 (2H, d, J = 7.6 Hz), 7.39 (2H, d, J = 7.6 Hz), 7.59 (1 H, t, J = 8.0 Hz). 

[Manufacturing Example 3-1-5] (4-(6-Methyl-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride 
[0376] 

35 




[0377] To a solution of 2-methyl-6-(4-(2-nitro-ethyl)-benzyloxy)pyridine (500 mg, 1.84 mmol) described in Manufac- 
45 turing Example 3-1 -4 in methanol (1 0 mL) was added lithium methoxide (1 40 mg, 3.68 mmol) under nitrogen atmosphere 
at room temperature, which was stirred for 30 minutes at room temperature. The reaction mixture was concentrated 
under a reduced pressure. Anhydrous methylene chloride (10 mL) and anhydrous tetrahydrofuran (5 mL) were added 
to the residue. Titanium (IV) chloride (667 jaL, 6.07 mmol) was added dropwise to the reaction mixture on a dry ice- 
ethanol bath (-78°C), and stirred for 45 minutes at 0°C. The reaction mixture was then stirred for further 60 minutes at 
so room temperature. Water, ethyl acetate and tetrahydrofuran were added to the reaction mixture on an ice bath (0°C), 
and the organic layer was separated. This organic layer was washed with water and saturated aqueous sodium chloride, 
and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure to obtain the 
title compound (484 mg, 91 %) as a crude product. 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 2.42 (3H, s), 3.82 (2H, s), 5.33 (2H, s), 6.76 (1H, d, J = 7.6 Hz), 6.92 (1 H, d, J 
55 = 7.6 Hz), 7.27 (2H, d, J = 8.0 Hz), 7.44 (2H, d, J = 8.0 Hz), 7.70 (1 H, t, J = 7.6 Hz), 11.8(1 H, brs). 
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[Example 4] 3-(3-(4-Butoxymethyl-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0378] 




"N NHj 



[0379] To a solution of 4-butoxymethyl-phenyl-acetohydroximoyl chloride (28 mg, 0.1 1 mmol) described in Manufac- 
turing Example 4-1-4 and 3-ethynyl-pyridin-2-ylamine (13 mg, 0.11 mmol) described in Manufacturing Example 1-2-3 
in tetrahydrofuran (1 ml_) was added triethylamine (31 fsL, 0.22 mmol) at room temperature, which was stirred for 70 
minutes at room temperature. The reaction solution was partitioned into water and ethyl acetate at room temperature. 
The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, 
and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column chroma- 
tography (heptane : ethyl acetate = 2:1) and then further purified by reverse-phase high performance liquid chroma- 
tography (using an acetonitrile-water mobile phase containing 0.1 % trifluoroacetic acid) to obtain the title compound 
(2.3 mg, 5%) as a trifluoroacetic acid salt. 
MS m/e(ESI) (MH+) 338.14 (MH+) 

The starting material, 4-butoxymethyl-phenyl-acetohydroximoyl chloride, was synthesized as follows. 
[Manufacturing Example 4-1-1] 1-Bromo-4-butoxymethyl-benzene 



[0381] To a solution of 4-bromobenzyl alcohol (10.0 g, 53.5 mmol) in N,N-dimethylformamide (200 mL) was added 
sodium hydride (3.08 g, 64.2 mmol, 50% in oil) at 0°C. This mixture was stirred for 5 minutes at 0°C, and 1 -bromobutane 
(7.47 mL, 69.3 mmol) was added thereto at 0°C. This mixture was stirred for 40 minutes at room temperature and then 
stirred for 25 minutes at 70°C. The reaction solution was partitioned into water and ethyl acetate at 0°C. The organic 
layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous magnesium sulfate, 
and the solvent was evaporated under a reduced pressure. The residue was purified by silica gel column chromatography 
(heptane : ethyl acetate = 20 : 1) to obtain the title compound (11.5 g, 89%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 0.91 9 (3H, t, J = 7.3 Hz), 1 .35-1 .44 (2H, m), 1 .56-1 .63 (2H, m), 3.46 (2H, t, J = 6.6 
Hz), 4.45 (2H, s), 7.21 (2H, d, J = 8.1 Hz), 7.45-7.48 (2H, m). 

[Manufacturing Example 4-1-2] 4-Butoxymethyl-benzaldehyde 



[0380] 




[0382] 
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10 [0383] To a solution of 1-bromo-4-butoxymethyl-benzene (1 1 .5 g, 47.3 mmol) described in Manufacturing Example 
4-1 -1 in tetrahydrofuran (200 mL) was added n-butyl lithium (32.5 mL 1 .6 M hexane solution, 52.0 mmol) at -78°C. This 
mixture was stirred for 55 minutes at-78°C, and N,N-dimethylformamide (4.4 mL, 56.8 mmol) was added thereto at 
-78°C. This mixture was warmed to room temperature, and stirred for 20 minutes. The reaction solution was partitioned 
into water and ethyl acetate at 0°C. The organic layer was washed with saturated aqueous sodium chloride and dried 

is over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified 
by silica gel column chromatography (heptane : ethyl acetate = 1 0 : 1) to obtain the title compound (7.39 g, 81%). 
1 H-NMR Spectrum (CDCI 3 ) S (ppm): 0.936 (3H, t, J = 7.3 Hz), 1 .37-1 .47 (2H, m), 1 .60-1 .67 (2H, m), 3.52 (2H, t, J = 6.6 
Hz), 4.58 (2H, s), 7.51 (2H, d, J = 7.9 Hz), 7.86 (2H, m), 10.0 (1 H, s). 

20 [Manufacturing Example 4-1 -3] 1 -Butoxymethyl-4-(2-nitroethyl)-benzene 



25 



30 




[0385] To a solution of 4-butoxymethyl-benzaldehyde (7.39 g, 3.84 mmol) described in Manufacturing Example 4-1 -2 
in methanol (140 mL) was added nitromethane (2.70 mL, 49.9 mmol) followed by sodium methoxide (1.49 M methanol 

35 solution, 9.41 mL, 46.1 mmol) at 0°C. The reaction solution was stirred for 30 minutes at room temperature, and 5 N 
aqueous hydrochloric acid solution (120 mL) was added thereto and stirred for further 25 minutes. This reaction solution 
was partitioned into saturated aqueous sodium chloride and ethyl acetate at 0°C. The organic layer was washed with 
saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, and the solvent was evaporated under 
a reduced pressure. To a solution of the resulting residue in dimethyl sulfoxide (100 mL) and acetic acid (6 mL) was 

40 added sodium borohydride (1 .84 g, 46.1 mmol) at room temperature while cooling appropriately. This solution was then 
stirred for 80 minutes at room temperature. The reaction solution was partitioned into water and ethyl acetate. The 
organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, and 
the solvent was evaporated under a reduced pressure. The residue was purified by silica gel column chromatography 
(heptane : ethyl acetate = 4 : 1) to obtain the title compound (2.68 g, 29%). 

45 1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 0.91 8 (3H, t, J = 7.3 Hz), 1 .37-1.42 (2H, m), 1.56-1 .63 (2H, m), 3.31 (2H, t, J = 7.3 
Hz), 3.47 (2H, t, J = 6.6 hz), 4.47 (2H, s), 4.60 (2H, t, J = 7.3 Hz), 7.18 (2H, d, J = 8.2 Hz), 7.30 (2H, d, J = 8.2 Hz). 

[Manufacturing Example 4-1-4] 4-Butoxymethyl-phenyl-acetohydroximoyl chloride 

so [0386] 
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[0387] To a solution of 1-butoxymethyl-4-(2-nitroethyl)-benzene (55 mg, 0.23 mmol) described in Manufacturing Ex- 
ample 4-1 -3 in methanol (2 ml_) was added sodium methoxide (1 .49 M methanol solution, 47.3 n,L, 0.23 mmol) at 0°C. 
The reaction solution was stirred for 35 minutes at room temperature, and concentrated under a reduced pressure. To 
a solution of the residue in methylene chloride (2 mL) was added titanium (IV) chloride (28 |xL, 0.23 mmol) under nitrogen 
atmosphere at -78°C, which was then stirred for 30 minutes at 0°C. The reaction solution was partitioned into water and 
ethyl acetate at 0°C. The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous 
magnesium sulfate, and the magnesium sulfate was removed by filtration. The organic layer was filtered with silica gel, 
and the filtrate was evaporated under a reduced pressure to obtain the title compound (59 mg, 99%) as a crude product. 
1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 0.90-0.94 (3H, m), 1.36-1.44 (2H, m), 1.56-1.64 (2H, m), 3.46-3.49 (2H, m), 3.79 
(2H, s), 4.50 (2H, s), 7.23-7.26 (2H, m), 7.30-7.34 (2H, m), 8.29 (1 H, s). 

[Example 5] 3-(3-(4-(2-Fluoro-benzyloxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 




[0389] To a mixture of 4-(5-(2-amino-pyridin-3-yl)isoxazol-3-ylmethyl)-phenol (4.2 mg, 0.01 6 mmol) described in Man- 
ufacturing Example 5-1-1 and methanol (0.4 mL) was added 1 N aqueous sodium hydroxide solution (16 (jl, 0.016 
mmol). This mixture was concentrated under a reduced pressure. To a mixture of the residue and N, N-dimethylformamide 
(0.5 mL) was added 2-fluorobenzyl bromide (2.3 |aL, 0.019 mmol), which was stirred for 1 hour at room temperature. 
The reaction mixture was then purified directly by reverse-phase high performance liquid chromatography (using an 
acetonitrile-water mobile phase containing 0.1 % trifluoroacetic acid) to obtain the title compound (3.3 mg, 43%) as a 
trifluoroacetic acid salt. 
MS m/e (ESI) 376.14 (MH+) 

The starting material, 4-(5-(2-amino-pyridin-3-yl)isoxazol-3-ylmethyl)-phenol, was synthesized as follows. 

[Manufacturing Example 5-1-1] 4-(5-(2-Amino-pyridin-3-yl)isoxazol-3-ylmethyl)-phenol 

[0390] 




[0391] To a mixture of 3-(3-(4-benzyloxy-benzy!)-isoxazol-5-yl)-pyridin-2-ylamine (32 mg, 0.090 mmol) described in 
Example 1 and trifluoroacetic acid (1 mL) was added thioanisole (45 mg, 0.36 mmol) at room temperature, which was 
stirred for 2 hours at the same temperature. To a mixture of saturated aqueous sodium hydrogencarbonate solution and 
ethyl acetate was added the reaction mixture. The organic layer was separated and washed with saturated aqueous 
sodium chloride, and the solvent was evaporated under a reduced pressure. The residue was purified by silica gel 
column chromatography (ethyl acetate : heptane = 4 : 1) to obtain the title compound (24 mg, 100%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.90 (2H, s), 6.25 (2H, brs), 6.68-6.72 (3H, m), 6.76 (1 H, s), 7.1 1 (2H, d, J = 
8.6 Hz), 7.87 (1 H, dd, J = 1 .5, 7.7 Hz), 8.10 (1 H, brs), 9.29 (1H, s). 
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[Example 6] 3-(3-(4-(3-Fluoro-benzyloxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0392] 




•N^NHj 



F 



[0393] To a mixture of 4-(5-(2-amino-pyridin-3-yl)isoxazol-3-ylmethyl)-phenol (4.2 mg, 0.01 6 mmol)described in Man- 
ufacturing Example 5-1-1 and methanol (0.4 mL) was added 1 N aqueous sodium hydroxide solution (16 |xL, 0.016 
mmol), which was then concentrated under a reduced pressure. To a mixture of the residue and N,N-dimethylformamide 
(0.5 mL) was added 3-fluorobenzyl bromide (2.3 |xL, 0.019 mmol), which was stirred for 1 hour at room temperature. 
The reaction mixture was purified directly by reverse-phase high performance liquid chromatography (using an ace- 
tonitrile-water mobile phase containing 0.1% trifluoroacetic acid) to obtain the title compound (4.3 mg, 55%) as a trif- 
luoroacetic acid salt. 
MS m/e(ESI) 376.12 (MH+) 

[Example 7] 3-(3-(4-(4-Fluoro-benzyloxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0394] To a mixture of 4-(5-(2-amino-pyridin-3-yl)isoxazol-3-ylmethyl)-phenol (4.2 mg, 0.01 6 mmol) described in Man- 
ufacturing Example 5-1-1 and methanol (0.4 mL) was added 1 N aqueous sodium hydroxide solution (16 |xL, 0.016 
mmol), which was then concentrated under a reduced pressure. To a mixture of the residue and N,N-dimethylformamide 
(0.5 mL) was added 4-fluorobenzyl bromide (2.3 jxL, 0.019 mmol), which was stirred for 1 hour at room temperature. 
The reaction mixture was purified as is by reverse-phase high performance liquid chromatography (using an acetonitrile- 
water mobile phase containing 0.1% trifluoroacetic acid) to obtain the title compound (3.1 mg, 39%) as a trifluoroacetic 
acid salt. 

MS m/e(ESI) 376.12 (MH+) 

[Example 8] 3-(3-(4-Cyclopropylmethoxy-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 




[0395] 
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[0396] To a mixture of 4-(5-(2-amino-pyridin-3-yl)isoxazol-3-ylmethyl)-phenol (4.2 mg, 0.01 6 mmol) described in Man- 
ufacturing Example 5-1-1 and methanol (0.4 ml_) was added 1 N aqueous sodium hydroxide solution (16 |xL, 0.016 
mmol), which was then concentrated under a reduced pressure. To a mixture of the residue and N, N-dimethylformamide 
(0.5 mL) were added cyclopropylmethyl bromide (2.3 (xL, 0.019 mmol) and sodium iodide (1 mg, 7 ixmol) at room 
temperature, which was stirred for 2 hours at 60°C. The reaction mixture was cooled to room temperature and then 
purified as is by reverse-phase high performance liquid chromatography (using an acetonitrile-water mobile phase 
containing 0.1 % trifluoroacetic acid). The eluate was neutralized by triethylamine while being concentrated. The solvent 
was evaporated undera reduced pressure. The residue was washed with waterto obtain thetitlecompound(1. 6 mg, 30%). 
MS m/e(ESI) 322.19(MH+) 

[Example 9] 3-(3-(4-(Pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 
[0397] 




[0398] To a mixture of 4-(5-(2-amino-pyridin-3-yl)isoxazol-3-ylmethyl)-phenol (4.2 mg, 0.016 mmol) described in Man- 
ufacturing Example 5-1-1 and methanol (0.4 mL) was added 1 N aqueous sodium hydroxide solution (16 (jl, 0.016 
mmol), which was then concentrated under a reduced pressure. To a mixture of the residue and N, N-dimethylformamide 
(0.5 mL) was added 2-picolyl chloride (3.1 mg, 0.019 mmol), which was stirred for 2 hours at room temperature. The 
reaction mixture was purified as is by reverse-phase high performance liquid chromatography (using an acetonitrile- 
water mobile phase containing 0.1 % trifluoroacetic acid) to obtain the title compound (3.6 mg, 39%) as a ditrifuoracetic 
acid salt. 

MS m/e(ESI) 359.1 6 (MH+) 

[Example 1 0] 3-(3-(4-(6-Methyl-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 




[0400] Methanol (3 mL) and 1 N aqueous sodium hydroxide solution (0.18 mL) were added to 4-(5-(2-amino-pyridin- 
3-yl)isoxazol-3-ylmethyl)-phenol (50 mg, 0.19 mmol) described in Manufacturing Example 5-1-1, which was then dis- 
solved by irradiating ultrasonic wave. This solution was concentrated under a reduced pressure. To the resulting residue 
were added 2-chloromethyl-6-methyl-pyridine (31.8 mg, 0.22 mmol) described in Manufacturing Example 10-1-1 and 
N, N-dimethylformamide (2 mL), which was stirred for 20 minutes at 60°C. The reaction solution was partitioned into 
water and ethyl acetate. The organic layer was separated, and the solvent was evaporated under a reduced pressure. 
The residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 1 : 1) to obtain the title 
compound (36 mg, 51 .7%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 2.48 (3H, s), 3.96 (2H, s), 5.10 (2H, s), 6.25 (2H, brs), 6.69 (1 H, dd, J = 4.8, 
8.0 Hz), 6.79 (1 H, s), 6.97 (2H, d, J = 8.0 Hz), 7.18 (1 H, d, J = 7.6 Hz), 7.25 (2H, d, J = 8.0 Hz), 7.27 (1 H, d, J = 7.6 
Hz), 7.70 (1 H, dd, J = 7.6, 7.6 Hz), 7.86 (1 H, d, J = 8.0 Hz), 8.08 (1 H, d, J = 4.8 Hz). 
The starting material, 2-chloromethyl-6-methyl-pyridine, was obtained as follows. 
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[Manufacturing Example 10-1-1] 2-Chloromethyl-6-methyl-pyridine 



[0401] 



Cl- 




[0402] A solution of (6-methyl-pyridin-2-yl)-methanol (1 .44 g, 1 1 .7 mmol), thionyl chloride (1 .45 mL, 19.9 mmol) and 
methylene chloride (20 mL) was stirred under refluxfor 40 minutes. The reaction solution was cooled to room temperature 
and then concentrated under a reduced pressure. The residue was partitioned into sodium bicarbonate solution and 
diethyl ether. The organic layer was concentrated under a reduced pressure, and the residue was purified by silica gel 
chromatography (ethyl acetate) to obtain the title compound (1.42 g, 85.8%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 2.47 (3H, s), 4.72 (2H, s), 7.22 (1H, d, J = 7.6 Hz), 7.33 (1 H, d, J = 7.6 Hz), 
7.72 (1 H, dd, J = 7.6, 7.6 Hz). 

[Example 11] 3-(3-(4-(4-Methyl-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0404] Methanol (3 mL) and 1 N aqueous sodium hydroxide solution (0.18 mL) were added to 4-(5-(2-amino-pyridine- 
3-yl)isoxazole-3-ylmethyl)-phenol (50 mg, 0.19 mmol) described in Manufacturing Example 5-1-1, which was then dis- 
solved by irradiating ultrasonic wave. This solution was concentrated under a reduced pressure. To the resulting residue 
were added 2-chloromethyl-4-methyl-pyridine (31.8 mg, 0.22 mmol) described in Manufacturing Example 11-1-4 and 
N,N-dimethylformamide (2 mL), which was stirred for 10 minutes at 60°C. The reaction solution was partitioned into 
water and ethyl acetate. The organic layer was separated, and the solvent was evaporated under a reduced pressure. 
The residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 1 : 1) to obtain the title 
compound (21 mg, 30.2%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 2.33 (3H, s), 3.96 (2H, s), 5.11 (2H, s), 6.25 (2H, brs), 6.69 (1 H, dd, J = 4.8, 
8.0 Hz), 6.79 (1 H, s), 6.98 (2H, d, J = 8.4 Hz), 7.1 7 (1 H, d, J = 7.6 Hz), 7.25 (2H, d, J = 8.4 Hz), 7.34 (1 H, s), 7.87 (1 
H, d, J = 7.6 Hz), 8.09 (1 H, d, J = 4.8 Hz), 8.41 (1 H, d, J = 4.8 Hz). 
The starting material, 2-chloromethyl-4-methyl-pyridine, was synthesized as follows. 

[Manufacturing Example 11-1-1] 2,4-Dimethyl-pyridine 1-oxide 



[0403] 




-NH 2 



[0405] 
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[0406] To a solution of 2,4-lutidine (2.0 g, 1 8.7 mmol) in methylene chloride (1 00 mL) was added 3-chloroperoxybenzoic 
acid (5.07 g, 29.4 mmol), which was stirred for 20 minutes at room temperature. A small amount of saturated aqueous 
sodium hydrogen sulfite solution was added to the reaction solution, and the organic layer was separated after vigorous 
stirring. This organic layer was washed with 5 N aqueous sodium hydroxide solution (5.9 mL), and dried over anhydrous 
magnesium sulfate. The solvent was evaporated under a reduced pressure to obtain the title compound (1 .54 g, 66.9%). 
The title compound was used in the following reaction without being purified. 



[Manufacturing Example 11-1-2] Acetic acid 4-methyl-pyridin-2-ylmethyl ester 



[0407] 




[0408] Acetic anhydride (30 mL) was added to 2,4-dimethyI-pyridine 1 -oxide (1 .93 g, 1 5.7 mmol) described in Manu- 
facturing Example 11-1-1, and the mixture was stirred for 10 minutes at 110°C. The reaction solution was allowed to 
room temperature and concentrated under a reduced pressure. The resulting residue was purified by silica gel column 
chromatography (heptane : ethyl acetate =1:2, then ethyl acetate) to obtain the title compound (774 mg, 29.8%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 2.1 1 (3H, s), 2.32 (3H, s), 5.09 (2H, s), 7.16 (1 H, d, J = 5.2 Hz), 7.23 (1 H, s), 
8.39(1 H,d,J = 5.2 Hz). 



40 [Manufacturing Example 1 1 -1 -3] (4-Methyl-pyridin-2-yl)-methanol 



[0409] 



-to 



50 




[0410] 5 N Aqueous sodium hydroxide solution (2 mL) and methanol (4 mL) were added to acetic acid 4-methyl- 
55 pyridin-2-ylmethyl ester (774 mg, 4.69 mmol) described in Manufacturing Example 11-1-2, and this mixture was stirred 
for 1 0 minutes at 60°C. The reaction solution was partitioned into waterand ethyl acetate. The separated aqueous layer 
was further extracted with ethyl acetate twice. The ethyl acetate layers were combined and dried over anhydrous mag- 
nesium sulfate, and the solvent was evaporated under a reduced pressure to obtain the title compound (41 0 mg, 71 .0%). 
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1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 2.32 (3H, s), 4.52 (2H, brs), 5.35 (1 H, brs), 7.06 (1 H, d, J = 5.2 Hz), 7.29 (1 
H, s), 8.32 (1 H, d, J = 5.2 Hz). 

[Manufacturing Example 11-1-4] 2-Chloromethyl-4-methyl-pyridine 



[0412] A mixture solution of (4-methyl-pyridine-2-yl)-methanol (410 mg, 3.33 mmol) described in Manufacturing Ex- 
ample 11-1-3, thionyl chloride (0.49 mL, 6.66 mmol) and methylene chloride (10 mL) was stirred under reflux for 5 
minutes. The reaction solution was allowed to room temperature and concentrated under a reduced pressure. The 
resulting residue was partitioned into diethyl ether and saturated sodium bicarbonate solution. The organic layer was 
purified by silica gel column chromatography (ethyl acetate) to obtain the title compound (340 mg, 72.1 %). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 2.37 (3H, s), 4.72 (2H, s), 7.20 (1 H, d, J = 5.2 Hz), 7.3S (1 H, s), 8.40 (1 H, d, 
J = 5.2 Hz). 

[Example 1 2] 3-(3-(6-Benzyloxy-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0414] To a solution of 3-ethynyl-pyridin-2-ylamine (400 mg, 3.39 mmol) described in Manufacturing Example 1-2-3 
in anhydrous tetrahydrofuran (20 mL) was added (2-benzyloxy-pyridin-5-yl)-acetohydroximoyl chloride (2.50 g, 9.03 
mmol) under nitrogen atmosphere at room temperature. Triethylamine (1.89 mL, 13.6 mmol) was then added dropwise 
thereto, and stirred for 1.5 hours at room temperature. The reaction mixture was partitioned into water and ethyl acetate 
at room temperature. The organic layer was washed with water and saturated aqueous sodium chloride, and dried over 
anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by 
NH silica gel column chromatography (ethyl acetate : heptane=1 :3then1 : 2) to obtain the title compound (31 5 mg, 26%). 
1 H-NMR Spectrum (DMSO-d 6 ) 6 (ppm): 4.00 (2H, s), 5.34 (2H, s), 6.27 (2H, brs), 6.70 (1 H, dd, J = 4.8, 7.6 Hz), 6.84 (1 
H, s), 6.86 (1 H, d, J = 8.8 Hz), 7.31 -7.44 (5H, m), 7.69 (1 H, dd, J = 2.4, 8.4 Hz), 7.87 (1 H, dd, J = 2.0, 7.4 Hz), 8.09 
(1 H, dd, J = 2.4, 4.8 Hz), 8.17 (1 H, d, J = 2.4 Hz). 

The starting material, (2-benzyloxy-pyridin-5-yl)-acetohydroximoyl chloride, was synthesized as follows. 
[Manufacturing Example 1 2-1 -1] 2-Benzyloxy-5-bromopyridine 



[0411] 




[0413] 




[0415] 
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Br- 




[0416] To a solution of phenyl-methanol (20.5 g, 190 mmol) in N,N-dimethylformamide (200 mL) was added sodium 
hydride (7.6 g, 1 90 mmol) under nitrogen atmosphere on an ice bath (0°C), which was stirred for 30 minutes at room 
temperature. 2,5-Dibromopyridine was then added thereto on the ice bath (0°C), and stirred for 60 minutes at room 
temperature. The reaction mixture was partitioned into water and ethyl acetate on the ice bath (0°C). The organic layer 
was washed with water and saturated aqueous sodium chloride, and dried over anhydrous magnesium sulfate, and the 
solvent was evaporated under a reduced pressure. The residue was purified by silica gel column chromatography (ethyl 
acetate : heptane = 1 : 20 then 1 : 10) to obtain the title compound (15.1 g, 90%). 



1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 5.34 (2H, s), 6.71-6.73 (1 H, m), 7.32-7.45 (5H, m), 7.64-7.67 (1H, m), 8.20-8.21 
(1 H, m). 



[0418] To a solution of 2-benzyloxy-5-bromopyridine (15.1 g, 57.0 mmol) described in Manufacturing Example 12-1-1 
in anhydrous tetrahydrofuran (250 mL) were added dropwise n-butyl lithium (2.67 M n-hexane solution, 25.6 mL, 68.4 
mmol) under nitrogen atmosphere on a dry ice-ethanol bath (-78°C), which was stirred for 30 minutes at -78°C. N,N- 
Dimethylformamide (6.60 mL, 85.5 mmol) was then added thereto at -78°C, and stirred for 30 minutes. Water and ethyl 
acetate were added to the reaction mixture, and the organic layer was separated after stirring for 10 minutes at room 
temperature. The organic layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous 
magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica 
gel column chromatography (ethyl acetate : heptane = 1:7 then 1 : 5) to obtain the title compound (4.87 g, 40%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 5.49 (2H, s), 6.89-6.92 (1 H, m), 7.34-7.48 (5H, m), 8.07-8.10 (1 H, m), 8.64-8.65 
(1 H, m), 9.97(1 H, s). 

[Manufacturing Example 12-1-3] 2-Benzyloxy-5-((E)-2-nitro-vinyl)-pyridine 



[0420] To a solution of 6-benzyloxy-pyridin-3-carbaldehyde (4.87 g, 22.8 mmol) described in Manufacturing Example 
12-1-2 in acetic acid (30 mL) were added nitromethane (6.96 g, 114 mmol) and ammonium acetate (3.51 g, 45.6 mmol) 



[Manufacturing Example 12-1-2] 6-Benzyloxy-pyridin-3-carbaldehyde 



[0417] 




[0419] 
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under nitrogen atmosphere at room temperature, which was stirred for 2.5 hours at 1 10°C. The reaction mixture was 
partitioned into water and ethyl acetate. The organic layer was washed with water and saturated aqueous sodium 
chloride, and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure to 
obtain the title compound (5.60 g, 96%) as a crude product. 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 5.43 (2H, s), 7.01 (1H, d, J = 8.8 Hz), 7.34-7.47 (5H, m), 8.16 (1 H, d, J = 13.6 
Hz), 8.24 (1 H, d, J = 13.6 Hz), 8.27 (1 H, dd, J = 2.4, 8.8 Hz), 8.64 (1 H, d, J = 2.4 Hz). 

[Manufacturing Example 12-1-4] 2-Benzyloxy-5-(2-nitro-ethyl)pyridine 

[0421] 




[0422] To a solution of 2-benzyloxy-5-((E)-2-nitro-vinyl)-pyridine (5.80 g, 22.8 mmol) described in Manufacturing Ex- 
ample 1 2-1 -3 and acetic acid (5.80 mL) in dimethyl sulfoxide (70 mL) was added sodium boro hydride (1 .44 g, 36.2 mmol) 
under nitrogen atmosphere at room temperature while cooling appropriately, which was stirred for 10 minutes at room 
temperature. The reaction mixture was partitioned into water and ethyl acetate. The organic layer was washed with 
water and saturated aqueous sodium chloride, and dried over anhydrous magnesium sulfate, and the solvent was 
evaporated under a reduced pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : 
heptane = 1 : 4) to obtain the title compound (2.50 g, 43%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.17 (2H, t, J = 6.8 Hz), 4.84 (2H, d, J = 6.8 Hz), 5.31 (2H, s), 6.84 (1 H, d, J = 
8.4 Hz), 7.31-7.42 (5H, m), 7.68 (1 H, dd, J = 2.4, 8.4 Hz), 8.06 (1 H, d, J = 2.4 Hz). 

[Manufacturing Example 12-1-5] (2-Benzyloxy-pyridin-5-yl)-acetohydroximoyl chloride 

[0423] 




[0424] To a solution of 2-benzyloxy-5-(2-nitro-ethyl)pyridine (3.97 g, 15.4 mmol) described in Manufacturing Example 
12-1-4 in methanol (25 mL) was added lithium methoxide (1.17 g, 30.8 mmol) under nitrogen atmosphere at room 
temperature, which was stirred at room temperature for 30 minutes. The reaction mixture was concentrated under a 
reduced pressure. Anhydrous methylene chloride (30 mL) and anhydrous tetrahydrofuran (20 mL) were added to the 
residue. Titanium (IV) chloride (5.42 mL, 49.3 mmol) was added dropwise into the reaction mixture on a dry ice-ethanol 
bath (-78°C), and stirred for 45 minutes at 0°C. Water, ethyl acetate and tetrahydrofuran were added to the reaction 
mixture on an ice bath (0°C), and the organic layer was separated. The organic layer was washed with water and 
saturated aqueous sodium chloride, and dried over anhydrous magnesium sulfate, and the solvent was evaporated 
under a reduced pressure to obtain the title compound (3.4 g, 80%) as a crude product. 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.79 (2H, s), 5.34 (2H, s), 6.87 (1 H, d, J = 8.4 Hz), 7.30-7.62 (5H, m), 7.61 (1 
H, dd, J = 2.4, 8.4 Hz), 7.08 (1 H, d, J = 2.4 Hz), 1 1.8 (1H, s). 

[Example 1 3] 3-(3-(4-Benzyloxy-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[0425] 
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[0426] To a mixture of 4-benzyloxy-phenyl-acetohydroximoyl chloride (1 40 mg, 0.51 mmol) described in Manufacturing 
Example 1-1-3 and tetrahydrofuran (10 mL) were added 3-ethynyt-pyridin-2,6-diamine (102 mg, 0.76 mmol) described 
in Manufacturing Example 1 3-1 -3 and triethylamine (0.71 mL, 5.1 mmol), which was stirred overnight at room temperature. 
The reaction mixture was then stirred forfurther 1 .5 hours at 55°C. The reaction solution was cooled to room temperature 
and concentrated under a reduced pressure. The residue was filtered by NH silica gel column chromatography (ethyl 
acetate) to obtain a crude product. The crude product was purified by reverse-phase high performance liquid chroma- 
tography (using an acetonitrile-water mobile phase containing 0.1 % trifluoroacetic acid). The solvent was evaporated 
under a reduced pressure, and the residue was filtered with NH silica gel to obtain the title compound (51 mg, 27%). 
1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 3.87 (2H, s), 5.07 (2H, s), 5.79 (2H, brs), 5.82 (1 H, d, J = 8.6 Hz), 6.10 (2H, 
brs), 6.34 (1 H, s), 6.94-6.98 (2H, m), 7.20-7.24 (2H, m), 7.30-7.45 (5H, m), 7.51 (1 H, d, J = 8.4 Hz). 

The starting material, 3-ethynyl-pyridin-2,6-diamine, was synthesized as follows. [Manufacturing Example 1 3-1 -1]3-lodo- 
pyridin-2,6-diamine 




[0428] 2,6-Diaminopyridine (1 00 g, 91 6 mmol) was dissolved in dimethyl sulfoxide (400 mL), and N-iodosuccinimide 
(100 g, 445 mmol) was added in one portion while stirring at room temperature. The reaction solution was stirring for 
10 minutes at room temperature. Water (3.5 L) was added to the reaction solution, and the precipitated solids were 
filtered out. The resulting aqueous layer was extracted with ethyl acetate (1 .3 L) 3 times. The ethyl acetate layers were 
combined and the solvent was evaporated under a reduced pressure. The residue was purified by silica gel chromatog- 
raphy (heptane : ethyl acetate = 2 : 3) to obtain the title compound (23.8 g, 22.8%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 5.41 (2H, brs), 5.57 (1 H, d, J = 8.0 Hz), 5.64 (2H, brs), 7.37 (1 H, d, J = 8.0 Hz). 

[Manufacturing Example 13-1-2] 3-Trimethylsilanylethynyl-pyridin-2,6-diamine 

[0429] 




h 2 nT "n^ 

[0430] To a mixture of 3-iodo-pyridin-2,6-diamine (20.0 g, 85.2 mmol) described in Manufacturing Example 13-1-1 
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trimethylsilyl acetylene (24.2 mL, 170 mmol), copper (I) iodide (3.25 g, 17.0 mmol) A/,/V-diisopropylethylamine (19.1 g, 
1 48 mmol)and N-methylpyrrolidinone (286 mL) was added tetrakis(triphenylphosphine)palladium (0) (9.81 g, 8.52 mmol) 
under argon atmosphere, which was stirred for 30 minutes at room temperature. The reaction solution was partitioned 
into water and ethyl acetate. The ethyl acetate layer was washed with water 4 times and dried over sodium sulfate, and 
the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel chromatography 
(heptane : ethyl acetate = 4:1 then 1:1). The solids obtained by concentrating the eluate under a reduced pressure 
were washed with heptane containing a small amount of ethyl acetate to obtain the title compound (1 0.5 g, 60.0%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 0.20 (9H, s), 5.53 (2H, brs), 5.66 (1 H, d, J = 8.0 Hz), 5.95 (2H, brs), 7.1 1 (1 H, 
d, J = 8.0 Hz). 

[Manufacturing Example 13-1-3] 3-Ethynyl-pyridin-2,6-diamine 
[0431] 




[0432] To a solution of 3-trimethylsilanylethynyl-pyridin-2,6-diamine (7.0 g, 34.1 mmoL) described in Manufacturing 
Example 13-1-2 in tetrahydrofuran (100 mL) was added tetrabutylammonium fluoride (1M tetrahydrofuran solution, 17 
mL, 17 mmol) on an ice bath, which was stirred for 10 minutes at room temperature. Water was added to the reaction 
solution, which was then extracted with ethyl acetate 3 times. The extract was dried over sodium sulfate, and the solvent 
was evaporated under a reduced pressure. The residue was purified by silica gel chromatography (ethyl acetate) to 
obtain the title compound (3.35 g, 73.8%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.08 (1 H, s), 5.57 (2H, brs), 5.68 (1 H, d, J = 8.0 Hz), 5.89 (2H, brs), 7.14 (1 
H, d, J = 8.0 Hz). 

[Example 1 4] 3-(3-(4-Pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridine-2,6-diamine 




[0434] To a solution of 3-ethynyl-pyridin-2,6-diamine (120mg, 0.90 mmol) described in Manufacturing Example 13-1-3 
and 4-(pyridine-2-yloxymethyl)-phenyl-acetohydroximoyl chloride (390 mg, 1 .41 mmol) described in Manufacturing Ex- 
ample 2-1-5 in tetrahydrofuran (5.0 mL) was added triethylamine (502 jaL, 3.6 mmol) at 0°C. The reaction mixture was 
stirred for 1 hour and 30 minutes at room temperature. The mixture was partitioned into ethyl acetate and water. The 
organic layer was separated, washed with water and saturated aqueous sodium chloride, and dried over anhydrous 
magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by silica gel 
column chromatography (heptane : ethyl acetate =1:1, then ethyl acetate) to obtain the title compound (290 mg, 86.2%). 
1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 3.95 (2H, s), 5.31 (2H, s), 5.79 (2H, brs), 5.82 (1 H, d, J = 8.4 Hz), 6.11 (2H, 
brs), 6.37 (1H, s), 6.84-6.86 (1 H, m), 6.97-7.00 (1 H, m), 7.31 (2H, d, J = 8.2 Hz), 7.39 (2H, d, J=8.2 Hz), 7.51 (1 H, d, 
J=8.4 Hz), 7.69-7.73 (1 H, m), 8.16-8.18 (1H, m). 
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[Example 15] 3-(3-(4-(6-Methyl-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[0435] 



H 2 




[0436] To asolution of 3-ethynyl-pyridin-2,6-diamine (300 mg, 2.25 mmol) described in Manufacturing Example 13-1 -3 
in anhydrous tetrahydrofuran (30 mL) was added (4-(6-methyl-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride 
(1.50 g, 5.16 mmol) described in Manufacturing Example 3-1-5 under nitrogen atmosphere at room temperature. Tri- 
ethylamine (1 .25 mL, 9.00 mmol) was then added dropwise at room temperature, and stirred for 1 .5 hours at room 
temperature. Water and ethyl acetate were added to the reaction mixture at room temperature, and the organic layer 
was separated. The organic layer was washed with water and saturated aqueous sodium chloride, and dried over 
anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by 
NH silica gel column chromatography (ethyl acetate : heptane= 2 : 1) to obtain the title compound (637 mg, 73%). 
1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 2.39 (3H, s), 3.96 (2H, s), 5.29 (2H, s), 5.80 (2H, brs), 5.83 (1 H, d, J = 8.8 Hz), 
6.1 1 (2H, brs), 6.37 (1 H, s), 6.63 (1 H, dd, J = 0.4, 8.2 Hz), 6.83 (1 H, dd, J = 0.4, 7.4 Hz), 7.31 (2H, d, J = 8.0 Hz), 7.41 
(2H, d, J = 8.4 Hz), 7.51 (1 H, d, J = 8.4 Hz), 7.58 (1 H, t, J = 8.0 Hz). 

[Example 1 6] 3-(3-(4-Butoxymethyl-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[0438] To asolution of 3-ethynyl-pyridin-2,6-diamine (14.6 mg, 0.1 1 mmol) described in Manufacturing Example 13-1 -3 
and 4-butoxymethyl-phenyl-acetohydroximoyl chloride (28 mg, 0.1 1 mmol) described in Manufacturing Example 4-1 -4 
in tetrahydrofuran was added triethylamine (31 |a,L, 0.22 mmol), which was stirred for 4 hours at room temperature. The 
reaction solution was partitioned into water and ethyl acetate at room temperature. The organic layer was washed with 
saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, and the solvent was evaporated under 
a reduced pressure. The residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 2:1) 
and then purified again by reverse-phase high performance liquid chromatography (using an acetonitrile-water mobile 
phase containing 0.1 % trifluoroacetic acid) to obtain the title compound (6.7 mg, 13%) as a trifluoroacetic acid salt. 
MS m/e (ESI) 353.34 (MH+) 

[Example 1 7] 3-(3-(4-Phenoxy-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[0437] 



H 2 N N' 




[0439] 
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[0440] To a solution of 3-ethynyl-pyridin-2,6-diamine (170 mg, 28 mmol) described in Manufacturing Example 13-1-3 
in anhydrous tetrahydrofuran (1 0 mL) was added (4-phenoxy-benzene)-acetohydroximoyl chloride (652 mg, 2.49 mmol) 
described in Manufacturing Example 17-1-4 under nitrogen atmosphere at room temperature. Triethylamine (714 jaL, 
5.12 mmol) was then added dropwise, and stirred for 1 hour at room temperature. The reaction mixture was partitioned 
into water and ethyl acetate at room temperature. The organic layer was washed with water and saturated aqueous 
sodium chloride, and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. 
The residue was purified by NH silica gel column chromatography (ethyl acetate : heptane =1:2 then 2 : 1) to obtain 
the title compound (314 mg, 68%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 4.00 (2H, s), 4.74 (2H, brs), 5.50 (2H, brs), 5.94 (1 H, d, J = 8.8 Hz), 6.03 (1 H, 
s), 6.96-7.02 (2H, m), 7.08-7.12 (1 H, m), 7.22-7.26 (5H, m), 7.30-7.35 (1 H, m), 7.52 (1 H, d, J = 8.8 Hz). 
The starting material, (4-phenoxy-benzene)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 17-1-1] Sodium 2-nitro-1-(4-phenoxy-phenyl)-ethanolate 

[0441] 



O OH 




[0442] To a solution of 4-phenoxybenzaldehyde (1.5 g, 7.56 mmol) in methanol (12 mL) was added dropwise sodium 
methoxide (1 .49 M methanol solution, 0.1 9 mL, 0.91 mmol) under nitrogen atmosphere at room temperature. Nitrometh- 
ane (530 jil, 9.84 mmol) was added dropwise to the reaction solution on an ice bath (0°C). Sodium methoxide (1 .49 M 
methanol solution, 1.66 mL, 8.16 mmol) was added dropwise thereto at room temperature, and the solution was stirred 
for 30 minutes at room temperature. The precipitated solids were filtered and dried under reduced pressure, and the 
solids were dried azeotropically with toluene to obtain the title compound (1 .1 7 g, 55%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 5.38 (1 H, m), 5.73 (1 H, d, J = 5.2 Hz), 6.58 (1 H, d, J = 4.4 Hz), 6.91-7.00 (4H, 
m), 7.09-7.13 (1 H, m), 7.34-7.39 (4H, m). 

[Manufacturing Example 17-1-2] 1-((E)-2-Nitro-vinyl)-4-phenoxy-benzene 
[0443] 




[0444] A solution of sodium 2-nitro-1-(4-phenoxy-phenyl)-ethanolate (1.17 g, 4.16 mmol) described in Manufacturing 
Example 17-1-1, acetic anhydride (510mg, 4.99 mmol) and triethylamine (696 |xL, 4.99 mmol) in anhydrous tetrahydro- 
furan (20 mL) was stirred overnight under nitrogen atmosphere at room temperature. The reaction mixture was partitioned 
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into water and ethyl acetate at room temperature. The organic layer was washed with water and saturated aqueous 
sodium chloride, and dried over an hydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure 
to obtain the title compound (1 .4 g, 70%, purity: ca. 50%) as a crude product. 

[Manufacturing Example 17-1-3] 1-(2-Nitro-ethyl)-4-phenoxy-benzene 



[0446] To a solution of 1 -((E)-2-nitro-vinyl)-4-phenoxy-benzene (1 .40 g, 2.90 mmol, purity: 50%) described in Manu- 
facturing Example 1 7-1 -2 in methanol (15 mL) was added sodium borohydride (274 mg, 7.25 mmol) at room temperature 
while cooling appropriately under nitrogen atmosphere, which was stirred for 10 minutes at room temperature. Water 
was then added dropwise at room temperature while cooling appropriately. The reaction mixture was extracted with 
ethyl acetate. The organic layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous 
magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by silica gel 
column chromatography (ethyl acetate : heptane = 1 : 5) to obtain the title compound (199 mg, 28%). 
1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 3.21 (2H, t, J = 6.8 Hz), 4.84 (2H, t, J = 6.8 Hz), 6.94-7.00 (4H, m), 7.1 1-7.15 
(1 H, m), 7.28-7.30 (2H, m), 7.36-7.40 (2H, m). 

[Manufacturing Example 17-1-4] (4-Phenoxy-benzene)-acetohydroximoyl chloride 



[0448] To a solution of 1 -(2-nitro-ethyl)-4-phenoxy-benzene (1 00 mg, 0.41 mmol) described in Manufacturing Example 
1 7-1 -3 in methanol (3 mL) was added sodium methoxide (1.49 M methanol solution, 83.9 jj,L, 0.41 mmol) under nitrogen 
atmosphere, which was stirred for 30 minutes at room temperature. The reaction mixture was concentrated under a 
reduced pressure. Anhydrous methylene chloride (3 mL) was added to the residue. Titanium (IV) chloride (54.2 |xL, 0.49 
mmol) was added dropwise to the reaction mixture on an ice bath (0°C) and stirred for 30 minutes at room temperature. 
Water, ethyl acetate and tetrahydrofuran were added on the ice bath (0°C) to partition the reaction mixture. The organic 
layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous magnesium sulfate, 
and the solvent was evaporated under a reduced pressure. The residue was purified by silica gel column chromatography 
(ethyl acetate : heptane = 1 : 5) to obtain the title compound (51 mg, 47%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.80 (2H, s), 6.96-7.03 (4H, m), 7.12-7.1 6 (1 H, m), 7.26-7.28 (2H, m), 7.36-7.41 
(2H,m), 11.7(1 H,s). 

[Example 1 8] 3-(3-(4-(2-Fluoro-benzyloxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[0445] 




[0447] 




[0449] 
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[0450] To a solution of 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (72.4 mg, 0.26 mmol) described in 
Manufacturing Example 1 8-1 -1 in tetrahydrofuran (3 mL) was added 5 N aqueous sodium hydroxide solution (51 .2 |xL, 
0.26 mmol), which was irradiated by ultrasonic wave for 5 minutes. Next, the reaction solution was concentrated under 
a reduced pressure to obtain solids (77.9 mg). To a solution of the resulting solids (14.5 mg, 0.05 mmol) in N,N-dimeth- 
ylformamide (1 mL) was added 2-fluorobenzyl bromide (11.5 |xL, 0.10 mmol), which was stirred for 2 hours at room 
temperature. The reaction solution was partitioned into water and ethyl acetate. The organic layer was washed with 
water and saturated aqueous sodium chloride, and dried over anhydrous magnesium sulfate, and the solvent was 
evaporated under a reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate) 
and then further purified by reverse-phase high performance liquid chromatography (using an acetonitrile-water mobile 
phase containing 0.1 % trifluoroacetic acid) to obtain the title compound (6.7 mg, 36%) as a trifluoroacetic acid salt. 
1 H-NMR Spectrum (CDCI 3 ) S (ppm): 3.96 (2H, s), 4.57 (2H, brs), 5.12 (2H, s), 5.90 (2H, brs), 5.91 (1 H, d, J = 8.4 Hz), 
5.98 (1 H, s), 6.95 (2H, d, J = 8.4 Hz), 7.05-7.1 1 (1H, m), 7.14-7.24 (1 H, m), 7.20 (2H, d, J = 8.4 Hz), 7.28-7.33 (1 H, 
m), 7.48 (1 H, d, J = 8.4 Hz), 7.45-7.51 (1H, m). 
MS m/e(ESI)391.01 (MH+) 

[Manufacturing Example 18-1-1] 4-(5-(2,6-Diamino-pyridine-3-yl)-isoxazol-3-ylmethyl)-phenol 
[0451] 




[0452] To a solution of 3-(3-(4-benzyloxy-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine (100 mg, 0.27 mmol) described 
in Example 13 in trifluoroacetic acid (3 mL) was added thioanisole (126 pi) at room temperature, which was stirred for 
2 hours at room temperature. Saturated aqueous sodium hydrogen carbonate solution was added to the reaction solution 
at 0°C, which was then. extracted with ethyl acetate. The organic layer was washed with water and saturated aqueous 
sodium chloride, and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. 
The residue was purified by silica gel column chromatography (ethyl acetate) to obtain the title compound (72.4 mg, 95%). 
1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 3.82 (2H, s), 5.79 (2H, brs), 5.83 (1 H, d, J = 8.4 Hz), 6.10 (2H, brs), 6.32 (1 H, 
s), 6.70 (2H, d, J = 8.4 Hz), 7.09 (2H, d, J = 8.4 Hz), 7.51 (1 H, d, J = 8.4 Hz), 9.27 (1 H, s). 

[Example 1 9] 3-(3-(4-(3-Fluoro-benzyloxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[0453] 
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F 



[0454] To a solution of 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (72.4 mg, 0.26 mmol) described in 
Manufacturing Example 1 8-1 -1 in tetrahydrofuran (3 mL) was added 5 N aqueous sodium hydroxide solution (51 .2 |xL, 
0.26 mmol), which was irradiated by ultrasonic wave for 5 minutes. Next, the reaction solution was concentrated under 
a reduced pressure to obtain solids (77.9 mg). To a solution of the resulting solids (1 1 .3 mg, 0.04 mmol) in N,N-dimeth- 
ylformamide (1 mL) was added 3-fluorobenzyl bromide (9.1 |xL, 0.07 mmol), which was stirred for 2 hours at room 
temperature. The reaction solution was partitioned into water and ethyl acetate. The organic layer was washed with 
water and saturated aqueous sodium chloride, and dried over anhydrous magnesium sulfate, and the solvent was 
evaporated under a reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate), 
and further purified by reverse-phase high performance liquid chromatography (using an acetonitrile-water mobile phase 
containing 0.1 % trifluoroacetic acid) to obtain the title compound (6.7 mg, 36%) as a trifluoroacetic acid salt. 
MS m/e(ESI) 391.34 (MH+) 

[Example. 20] 3-(3-(4-(4-Fluoro-benzyloxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[0456] To a solution of 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (72.4 mg, 0.26 mmol) described in 
Manufacturing Example 1 8-1 -1 in tetrahydrofuran (3 mL) was added 5 N aqueous sodium hydroxide solution (51 .2 julL, 
0.26 mmol), which was irradiated by ultrasonic wave for 5 minutes. Next, the reaction solution was concentrated under 
a reduced pressure to obtain solids (77.9 mg). To a solution of the resulting solids (13.7 mg, 0.05 mmol) in N,N-dimeth- 
ylformamide (1 mL) was added 4-fluorobenzyl bromide (1 1.2 (j,L, 0.09 mmol), which was stirred for 2.5 hours at room 
temperature. The reaction solution was partitioned into water and ethyl acetate. The organic layer was washed with 
water and saturated aqueous sodium chloride, and dried over anhydrous magnesium sulfate, and the solvent was 
evaporated under a reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate), 
the mixture was purified by reverse-phase high performance liquid chromatography (using an acetonitrile-water mobile 
phase containing 0.1 % trifluoroacetic acid) and then purified by preparative thin-layer chromatography (ethyl acetate : 
hexane =1:1) to obtain the title compound (4.0 mg, 18%). 

1 H-NMR Spectrum (CDCI 3 -d 6 ) 5 (ppm): 3.96 (2H, s), 4.53 (2H, brs), 5.00 (2H, s), 5.30 (2H, brs), 5.91 (1H, d, J = 8.0 
Hz), 5.98 (1 H, s), 6.92 (2H, dd, J = 2.0, 6.8 Hz), 7.05-7.15 (2H, m), 7.20 (2H, d, J = 8.4 Hz), 7.26-7.46 (2H, m), 7.48 (1 
H, d, J = 8.0 Hz). 
MS m/e(ESI) 391.04 (MH + ) 

[Example 21 ] 3-(3-(4-Cyclopropylmethoxy-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[0455] 




[0457] 
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HjN N' 




~NH 2 



[0458] To a solution of 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (72.4 mg, 0.26 mmol) described in 
Manufacturing Example 1 8-1 -1 in tetrahydrofuran (3 mL) was added 5 N aqueous sodium hydroxide solution (51 .2 |xL, 
0.26 mmol), which was irradiated by ultrasonic wave for 5 minutes. Next, the reaction solution was concentrated under 
a reduced pressure to obtain solids (77.9 mg). To a solution of the resulting solids (8.3 mg, 0.03 mmol) in N,N-dimeth- 
ylformamide (1 mL) was added cyclopropylmethyl bromide (5.3 |xL, 0.06 mmol), which was stirred for 5 hours at room 
temperature. The mixture was purified by reverse-phase high performance liquid chromatography (using an acetonitrile- 
water mobile phase containing 0.1 % trif luoroacetic acid), and then further purified by preparative thin-layer chromatog- 
raphy (ethyl acetate) to obtain the title compound (1.1 mg, 12%). 

1 H-NMR Spectrum (CDCI 3 -d 6 ) 5 (ppm): 0.33-0.36 (2H, m), 0.63-0.66 (2H, m), 1.24-1.29 (1 H, s), 3.79 (2H, d, J = 4.8 
Hz), 3.96 (2H, s), 4.57 (2H, brs), 5.34 (2H, brs), 5.92 (1 H, d, J = 8.4 Hz), 5.99 (1 H, s), 6.87 (2H, dd, J = 2.0, 6.8 Hz), 
7.19 (2H, dd, J = 2.0, 6.8 Hz), 7.49 (1 H, d, J = 8.4 Hz). 
MS m/e (ESI) 337.11 (MH+) 

[Example 22] 3-(3-(4-(Pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[0460] To a solution of 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (49.7 mg, 0.18 mmol) described in 
Manufacturing Example 1 8-1 -1 in tetrahydrofuran (3 mL) was added 5 N aqueous sodium hydroxide solution (35.2 jjlL, 
0.18 mmol), which was irradiated by ultrasonic wave for 5 minutes. Next, the reaction solution was concentrated under 
a reduced pressure to obtain solids (90.6 mg). The resulting solids were made into an N,N-dimethylformamide (3 mL) 
solution. Tetrahydrofuran (390 |xL) and 1 N aqueous sodium hydroxide solution (390 jjtL, 0.39 mol) were added to 2- 
picolyl chloride hydrochloride (50 mg, 0.39 mmol), and then the organic layer was separated to obtain tetrahydrofuran 
solution of 2-picolyl chloride. A part of the solution (0.30 mL) was added to the aforementioned N,N-dimethylformamide 
solution, and stirred for 1 5 hours at room temperature. The reaction solution was partitioned into water and ethyl acetate. 
The organic layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous magnesium 
sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by silica gel column 
chromatography (ethyl acetate) to obtain the title compound (42.5 mg, 38%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.88 (2H, s), 5.15 (2H, s), 5.79 (2H, brs), 5.83 (1 H, dd, J = 1 .2, 8.4 Hz), 6.1 1 
(2H, brs), 6.35 (1 H, s), 6.97 (2H, d, J = 8.0 Hz), 7.22 (2H, d, J = 8.4 Hz), 7.33 (1 H, dd, J = 5.2, 8.0 Hz), 7.49 (1 H, d, J 
= 8.0 Hz), 7.51 (1 H, d, J = 8.0), 7.82 (1 H, dd, J = 8.0, 8.0 Hz), 8.57 (1 H, dd, J = 0.8, 4.8 Hz). 
MS m/e (ESI) 374.28 (MH+). 

[Example 23] 3-(3-(4-(6-Methyl-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[0459] 



H 2 




[0461] 



90 
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[0462] To 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (1 50 mg, 0.53 mmol) described in Manufacturing 
Example 18-1-1 were added methanol (3 mL) and 1 N aqueous sodium hydroxide solution (0.53 mL), which was then 
dissolved by irradiating ultrasonic wave. This solution was concentrated under a reduced pressure. To the resulting 
residue was added 2-chloromethyl-6-methyl-pyridine (90.2 mg, 0.64 moL) described in manufacturing Example 10-1-1 
and N,N-dimethylformamide (2 mL), which was stirred for 2 hours and 50 minutes at 60°C. The reaction solution was 
partitioned into water and ethyl acetate. The organic layer was evaporated under a reduced pressure. The residue was 
purified by NH silica gel column chromatography (heptane : ethyl acetate =1:2, then ethyl acetate) to obtain the title 
compound (106 mg, 51.5%). 

1 H-NMR Spectrum (DMSO-d 6 ) 6 (ppm): 2.48 (3H, s), 3.88 (2H, s), 5.10 (2H, s), 5.78 (2H, brs), 5.82 (1 H, d, J = 8.4 Hz), 
6.10 (2H, brs), 6.34 (1H, s), 6.96 (2H, d, J = 8.0 Hz), 7.18 (1 H, d, J = 8.0 Hz), 7.22 (2H, d, J = 8.0 Hz), 7.27 (1 H, d, J 
= 8.0 hz), 7.50 (1 H, d, J = 8.4 Hz), 7.70 (1 H, dd, J = 8.0, 8.0 Hz). 

[Example 24] 3-(3-(4-(4-Methyl-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[0464] To 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (80 mg, 0.28 mmol) described in Manufacturing 
Example 18-1-1 were added methanol (4 mL) and 1 N aqueous sodium hydroxide solution (0.29 mL), which was then 
dissolved by irradiating ultrasonic wave. This solution was concentrated under a reduced pressure. To the resulting 
residue was added 2-chloromethyl-4-methyl-pyridine (50.9 mg, 0.36 moL) described in Manufacturing Example 11-1-4 
and N,N-dimethylformamide (3mL), which was stirred for 10 minutes at 60°C. The reaction solution was partitioned into 
water and ethyl acetate. The organic layer was evaporated under a reduced pressure. The residue was purified by NH 
silica gel column chromatography (heptane : ethyl acetate =1:2, then ethyl acetate) to obtain the title compound (40 
mg, 36.5%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 2.32 (3H, s), 3.88 (2H, s), 5.10 (2H, s), 5.79 (2H, brs), 5.82 (1 H, d, J = 8.4 Hz), 
6.10 (2H, brs), 6.35 (1 H, s), 6.97 (2H, d, J = 8.0 Hz), 7.15 (1 H, d, J = 5.2 Hz), 7.22 (2H, d, J = 8.0 Hz), 7.34 (1 H, s), 
7.50 (1 H, d, J = 8.4 Hz), 8.41 (1 H, d, J = 5.2 Hz). 

[Example 25] 3-(3-(6-Benzyloxy-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[0463] 




[0465] 
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[0466] To a solution of 3-ethynyl-pyridin-2,6-diamine (230 mg, 1 .73 mmol) described in Manufacturing Example 13-1-3 
in anhydrous tetrahydrofuran (20 mL) was added (2-benzyloxy-pyridin-5-yl)-acetohydroximoyl chloride (1.00 g, 3.61 
mmol) described in Manufacturing Example 12-1-5 under nitrogen atmosphere at room temperature. Triethylamine (965 
IaL, 6.92 mmol) was added dropwise to the mixture and stirred for 1 .5 hours at room temperature. The reaction mixture 
was partitioned into water and ethyl acetate at room temperature. The organic layer was washed with water and saturated 
aqueous sodium chloride, and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced 
pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : heptane -2: 1) to obtain 
the title compound (470 mg, 73%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.92 (2H, s), 5.33 (2H, s); 5.81 (2H, brs), 5.83 (1 H, d, J = 8.4 Hz), 6.1 1 (2H, 
brs), 6.40 (1 H, s), 6.85 (1 H, d, J = 8.8 Hz), 7.31-7.39 (3H, m), 7.42-7.44 (2H, m), 7.52 (1 H, d, J = 8.4 Hz), 7.66 (1 H, 
dd, J = 2.4, 8.4 Hz), 8.14 (1 H, d, J = 2.4 Hz). 

[Example 26] 3-(3-(4-Benzyloxy-benzyl)-isoxazol-5-yl)-6-methoxymethyl-pyridin-2-ylamine 



[0468] To a mixture of (4-benzyloxy-phenyl)-acetohydroximoyl chloride (19 mg, 0.069 mmol) described in Manufac- 
turing Example 1-1-3 and tetrahydrofuran (1 mL) were added 3-ethynyl-6-methoxymethyl-pyridin-2-ylamine (8.6 mg, 
0.053 mmol) described in Manufacturing Example 26-1-7 and triethylamine (15 (aL, 0.11 mmol) at room temperature, 
which was stirred for 5.5 hours at room temperature. Water was added at room temperature to the reaction mixture, 
which was then extracted with ethyl acetate-tetrahydrof uran (3:2). The organic layer was washed with saturated aqueous 
sodium chloride, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel 
column chromatography (ethyl acetate : heptane = 2:3) to obtain the title compound (8.8 mg, 41 %). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.47 (3H, s), 3.99 (2H, s), 4.42 (2H, s), 5.05 (2H, s), 5.50 (2H, brs), 6.23 (1 H, s), 
6.82 (1 H, d, J = 7.9 Hz), 6.93-6.97 (2H, m), 7.18-7.22 (2H, m), 7.31-7.44 (5H, m), 7.72 (1 H, d, J = 7.7 Hz). 
The starting material, 3-ethynyl-6-methoxymethyl-pyridin-2-ylamine, was synthesized as follows. 

[Manufacturing Example 26-1-1] 2-Amino-6-chloro-nicotinic acid 



[0467] 




[0469] 



O 
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[0470] A mixture of 2,6-dichloro-nicotinic acid (31 g, 0.14 mol) and 28% aqueous ammonia solution (200 mL) was 
stirred in a sealed tube for 10 hours at 135°C. This reaction solution was cooled to room temperature, and the excess 
ammonia gas was removed under a reduced pressure. Water was added to the residue to a total of 1 000 mL, the mixture 
was cooled to 0°C, and citric acid was added to a pH being about 6. The precipitated solids were filtered out to obtain 
the title compound (12 g, 49%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 6.63 (1 H, d, J = 8.1 Hz), 7.55 (2H, brs), 8.02 (1 H, d, J = 8.1 Hz). 
[Manufacturing Example 26-1 -2] 2-Amino-6-chloro-nicotinic acid methyl ester 



[0472] Concentrated sulfuric acid (25 mL) and 2-amino-6-chloro-nicotinic acid (4.3 g, 25 mmol) described in Manu- 
facturing Example 26-1-1 were added to methanol (50 mL) on an ice bath, and stirred at 70°C for 5 hours. The reaction 
mixture was cooled and then neutralized by addition of aqueous sodium hydrogen carbonate (90 g) solution. The pre- 
cipitated solids were filtered to obtain the title compound (3.2 g, 17 mmol, 68%). 
1 H-NMR Spectrum (CDCI 3 ) S (ppm): 3.88 (3H, s), 6.62 (1 H, d, J = 8.2 Hz), 8.05 (1 H, d, J = 8.1 Hz). 

[Manufacturing Example 26-1-3] Tributyl-methoxymethyl-stannane 



[0474] To a mixture of diisopropylamine (9.4 mL, 67 mmol) and tetrahydrofuran (1 50 mL) was added dropwise n-butyl 
lithium (2.4 M n-hexane solution, 25 mL, 61 mmol) at -78°C, which was stirred for 30 minutes at the same temperature. 
Tributyltin hydride (1 6 mL, 61 mmol) was added dropwise to the reaction mixture at the same temperature, and stirred 
for30 minutes at 0°C. The reaction mixture was cooled to- 78 D C, and chloromethyl methyl ether (4.6 mL, 61 mmol) was 
added dropwise thereto. The reaction mixture was gradually warmed to room temperature. Water was added to the 
reaction mixture, which was then extracted with diethyl ether. The organic layer was washed with saturated aqueous 
sodium chloride, and the solvent was evaporated under a reduced pressure. The residue was purified by neutral silica 
gel column chromatography (ethyl acetate : heptane =1 : 30) to obtain the title compound (1 8 g, 86%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 0.88-0.93 (15H, m), 1.26-1.35 (6H, m), 1.47-1.55 (6H, m), 3.30 (3H, s), 3.71 (2H, 
t, J = 6.8 Hz). 

[Manufacturing Example 26-1-4] 2-Amino-6-methoxymethyi-nicotinic acid methyl ester 



[0471] 




[0473] 




[0475] 
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[0476] A mixture of 2-amino-6-chloro-nicotinic acid methyl ester (1 .4 g, 7.6 mmol) described in Manufacturing Example 
26-1-2, tributyl-methoxymethyl-stannane (3.1 g, 9.1 mmol) described in Manufacturing Example 26-1 -3, tetrakis(triphe- 
nylphosphine)palladium (440 mg, 0.38 mmol) and N-methylpyrrolidinone (20 mL) was stirred for 3.5 hours at 130°C. 
The reaction mixture was cooled to room temperature, and aqueous potassium fluoride solution and ethyl acetate were 
added to the reaction mixture, which was then filtered through a Celite pad. The organic layer was separated and washed 
with saturated aqueous sodium chloride, and the solvent was evaporated under a reduced pressure. The residue was 
purified by silica gel column chromatography (ethyl acetate : heptane =1 : 2) to obtain the title compound (0.93 g, 63%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.47 (3H, s), 3.88 (3H, s), 4.41 (2H, s), 6.74 (1 H, d, J = 7.9 Hz), 8. 1 4 (1 H, d, J = 7.9 Hz). 

[Manufacturing Example 26-1-5] (2-Amino-6-methoxymethyl-pyridin-3-yl)methanol 

[0477] 



[0478] To a mixture of lithium aluminum hydride (80%, 220 mg, 4.6 mmol) and tetrahydrofuran (5 mL) was added 2- 
amino-6-methoxymethyl-nicotinic acid methyl ester (300 mg, 1 .5 mmol) described in Manufacturing Example 26-1 -4 at 
0°C, which was stirred for 20 minutes at the same temperature. An aqueous 28% ammonia solution was added dropwise 
to the reaction mixture at 0°C. The mixture was warmed to room temperature and filtered. The filtrate was concentrated 
under a reduced pressure to obtain the title compound (260 mg, 100%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 3.45 (3H, s), 4.39 (2H, s), 4.62 (2H, s), 5.03 (2H, brs), 6.70 (1 H, d, J = 7.3 Hz), 
7.31 (1 H,d,J = 7.5 Hz). 

[Manufacturing Example 26-1-6] 2-Amino-6-methoxymethyl-pyridine-3-carbaldehyde 
[0479] 




[0480] To a mixture of (2-amino-6-methoxymethyl-pyridin-3-yl)methanol (260 mg, 1 .5 mmol) described in Manufac- 
turing Example 26-1-5 and methylene chloride (15 mL) was added manganese dioxide (1.3 g, 15 mmol), which was 
stirred overnight at room temperature. The reaction mixture was filtered through a Celite pad, and the filtrate was 
concentrated under a reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate : 
heptane = 3 : 2) to obtain the title compound (210 mg, 81%). 

1 H-NMRSpectrum(CDCI 3 )S(ppm): 3.48 (3H,s),4.44(2H,s), 6.87(1 H,d,J = 7.9Hz), 7.82(1 H, d, J = 7.7Hz), 9.84 (1 H,s). 

[Manufacturing Example 26-1-7] 3-Ethynyl-6-methoxymethyl-pyridin-2-y!amine 

[0481] 




[0482] To a mixture of diisopropylamine (0.15 mL, 1 .1 mmol) and tetrahydrofuran (2 mL) was added dropwise n-butyl 
lithium (1 .6 M n-hexane solution, 0.68 mL, 1.1 mmol) at -78°C, which was stirred for 30 minutes at that temperature. 
Trimethysilyl diazomethane (2 M n-hexane solution, 0.50 mL, 0.99 mmol) was added to the reaction mixture at -78°C, 
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and stirred for 30 minutes at that temperature. A mixture of 2-amino-6-methoxymethyl-pyridine-3-carbaldehyde (150 
mg, 0.90 mmol) described in Manufacturing Example 26-1-6 and tetrahydrofuran (1.5 ml_) was added dropwise to the 
reaction mixture at -78°C, and stirred for 30 minutes at 0°C. The reaction mixture was cooled to -78°C, and a mixture 
of acetic acid (0.1 0 mL) and tetrahydrofuran (1 mL) was added dropwise to the reaction mixture. This reaction mixture 
was gradually warmed to 0°C, and partitioned into water and ethyl acetate. The organic layer was washed with saturated 
aqueous sodium chloride, and the solvent was evaporated under a reduced pressure. The residue was purified by silica 
gel column chromatography (ethyl acetate : heptane = 2 : 3) to obtain the title compound (73 mg, 50%). 
1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 3.40 (1 H, s), 3.45 (3H, s), 4.39 (2H, s), 5.07 (2H, brs), 6.72 (1 H, d, J = 7.7 Hz), 
7.58(1 H,d,J = 7.5 Hz). 

[Example 27] 6-Methoxymethyl-3-(3-(4-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0484] To a mixture of 4-(pyridin-2-yloxymethyl)-phenyl-acetohydroximoyl chloride (1 8 mg, 0.064 mmol) described in 
Manufacturing Example 2-1-5 and tetrahydrofuran (1 mL) were added 3-ethynyl-6-methoxymethyl-pyridin-2-ylamine 
(8.6 mg, 0.053 mmol) described in Manufacturing Example 26-1-7 and triethylamine (15 |xL, 0.11 mmol), which was 
stirred for 2 hours at room temperature. The reaction mixture was partitioned into water and ethyl acetate at room 
temperature. The organic layer was washed with saturated aqueous sodium chloride, and the solvent was evaporated 
under a reduced pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : heptane 
= 2 : 3) to obtain the title compound (1 0 mg, 48%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.47 (3H, s), 4.07 (2H, s), 4.44 (2H, s), 5.37 (2H, s), 5.56 (2H, brs), 6.25 (1 H, s), 
6.79-6.84 (2H, m), 6.87-6.91 (1 H, m), 7.30 (2H, d, J = 7.9 Hz), 7.44 (2H, d, J = 7.9 Hz), 7.57-7.61 (1 H, m), 7.73 (1 H, 
d, J = 7.9 Hz), 8.18(1 H.d, J = 4.2 Hz). 

[Example 28] 5-(3-(4-Benzyloxy-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0486] To a solution of 5-ethynyl-pyridin-2-ylamine (10mg, 85 (j,mol) described in Manufacturing Example 28-1 -3 and 
4-benzyloxy-phenyl-acetohydroximoyl chloride (70 mg, 0.25 mmol) described in Manufacturing Example 1-1-3 in tet- 
rahydrofuran (2 mL) was added triethylamine (35 jiL, 0.25 mmol) at room temperature, which was stirred for 3 hours 
and 40 minutes at room temperature. The reaction solution was partitioned into water and ethyl acetate at 0°C. The 
organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, and 
the solvent was evaporated under a reduced pressure. The residue was purified by reverse-phase high performance 
liquid chromatography (using an aceto nit rile -water mobile phase containing 0.1 % trifluoroacetic acid) to obtain the title 
compound (1 mg, 3%) as a trifluoroacetic acid salt. 
MS m/e (ESI) 358.00 (MH+) 

The starting material, 5-ethynyl-pyridin-2-ylamine, was synthesized as follows. 



[0483] 




[0485] 
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[Manufacturing Example 28-1-1] 2-Nitro-5-trimethylsilanylethynyl-pyridine 



[0487] 




[0488] To a solution of 5-bromo-2-nitropyridine (1.00 g, 4.93 mmol) in N-methylpyrrolidinone (20 ml_) were added 
trimethylsilyl acetylene (1.39 mL, 9.85 mmol), tetrakis(triphenylphosphine)palladium (0) (114mg, 985 jmiol), copper (I) 
iodide (37.5 mg, 1 97 |imol) and N, N-diisopropylethylamine (1 .72 mL, 9.85 mmol) at room temperature, which was stirred 
under nitrogen atmosphere for 4 hours at 65°C, The reaction solution was partitioned into water and ethyl acetate at 
0°C. The organic layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous 
magnesium sulfate, and the solvent was concentrated under a reduced pressure. The residue was purified by silica gel 
column chromatography (heptane : ethyl acetate = 6 : 1) to obtain the title compound (490 mg, 45%). 
1 H-NMR Spectrum (CDCI 3 ) S (ppm): 0.298 (9H, s), 8.03-8.05 (1 H, m), 8.22 (1 H, J = 8.4 Hz), 8.66 (1 H, d, J = 2.0 Hz). 

[Manufacturing Example 28-1-2] 5-Trimethylsilanylethynyl-pyridin-2-ylamine 



[0490] To a solution of 2-nitro-5-trimethylsilanylethynyl-pyridine (405 mg, 1.84 mmol) described in Manufacturing 
Example 28-1-1 intetrahydrofuran (1 OmL) and water (5 mL) were added iron powder (51 4 mg, 9.21 mmol) and ammonium 
chloride (197 mg, 3.69 mmol) at room temperature, which was stirred for 75 minutes at 70°C. The reaction solution was 
cooled to room temperature and filtered through a Celite pad, and the filtrate was concentrated under a reduced pressure. 
The residue was purified by silica gel column chromatography (heptane : ethyl acetate =1 : 1 ) to obtain the title compound 
(319mg, 91 %). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 0.237 (9H, s), 4.73 (2H, brs), 6.44 (1 H, d, J = 8.6 Hz), 7.51 (1H, dd, J = 2.2, 8.4 
Hz), 8.19 (1H, d, J = 2.2 Hz). 

[Manufacturing Example 28-1-3] 5-Ethynyl-pyridin-2-ylamine 



[0489] 




Si- 



H 2 N N' 



[0491] 
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[0492] To a solution of 5-trimethylsilanylethynyl-pyridin-2-ylamine (26 mg, 137 |xmol) described in Manufacturing 
Example 28-1-2 in tetrahydrofuran (1 ml_) and methanol (1 mL) was added potassium carbonate (37.9 mg, 274 |xmol) 
at room temperature, which was stirred for 1 hour at room temperature. The reaction solution was partitioned into water 
and ethyl acetate at 0°C. The organic layer was washed with saturated aqueous sodium chloride, and dried over anhydrous 
magnesium sulfate, and the solvent was concentrated under a reduced pressure. The residue was purified by NH silica 
gel column chromatography (heptane : ethyl acetate =1 : 1) to obtain the title compound (16 mg, 99%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.07 (1H, s), 4.73 (2H, brs), 6.46 (1H, d, J = 8.6 Hz), 7.53 (1 H, dd, J = 2.2, 8.6 
Hz), 8.21 (1 H, s). 

[Example 29]3-(5-(4-Benzyloxy-benzyl)-isoxazol-3-yl)-pyridin-2-ylamine 



[0494] To a solution of 3-(5-(4-benzyloxy-benzyl)-isoxazol-3-yl)-5-chloro-pyridin-2-ylamine (50 mg, 0.13 mmol) de- 
scribed in Manufacturing Example 29-2-3 in N-methylpyrrolidinone (2 mL) were added formic acid (7.3 |j,L, 0.1 9 mmol), 
N,N-diisopropylethylamine (67 ^L, 0.38 mmol) and tetrakis(triphenylphosphine)palladium (0) (15 mg, 13 p,mol) under 
nitrogen atmosphere at room temperature, which was stirred for 2 hours and 20 minutes at 100°C. Water and ethyl 
acetate were added to the reaction solution at room temperature, which was then filtered through a Celite pad. The 
filtrate was partitioned into water and ethyl acetate. The organic layer was washed with saturated aqueous sodium 
chloride and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The 
residue was purified by reverse-phase high performance liquid chromatography (using an acetonitrile-water mobile 
phase containing 0.1 %trifluoroaceticacid) and then purified again by NH silica gel column chromatography (heptane : 
ethyl acetate = 1:1) to obtain the title compound (5 mg, 11 %). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.07 (2H, s), 5.07 (2H, s), 6.24 (1 H, s), 6.34 (2H, brs), 6.67 (1 H, dd, J = 4.9, 7.5 
Hz), 6.95-6.98 (2H, m), 7.20-7.23 (2H, m), 7.31-7.45 (5H, m), 7.66 (1 H, dd, J = 1 .7, 7.5 Hz), 8.1 1 (1 H, dd, J = 1 .7, 4.9 Hz). 
MS m/e (ESI) 358.20 (MH+) 

The starting material, 3-(5-(4-benzyloxy-benzyl)-isoxazol-3-yl)-5-chloro-pyridin-2-ylamine, was synthesized as follows. 
[Manufacturing Example 29-1-1] 2-Amino-pyridine-3-carbaldehyde oxime 



[0493] 




[0495] 
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[0496] To a solution of 2-amino-3-formylpyridine (1.00 g, 8.19 mmol) in pyridine (20 mL) was added hydroxylamine 
hydrochloride (854 mg, 12.3 mmol) at room temperature, which was stirred for 1 hour and 40 minutes at room temperature. 
The reaction solution was partitioned into water and ethyl acetate. The organic layer was washed with water and saturated 
aqueous sodium chloride, and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced 
pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : methanol = 10 : 1) to obtain 
the title compound (951 mg, 85%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 6.60 (1 H, dd, J = 4.8, 7.3 Hz), 6.94 (2H, s), 7.55 (1 H, m), 7.96 (1 H, dd, J = 
1.7, 4.8 Hz), 8.22 (1 H, s), 11.2(1 H, s). 

[Manufacturing Example 29-1-2] 2-Amino-5-chloro-N-hydroxypyridin-3-carboxyimidoyl chloride 
[0497] 



/OH 

N 




[0498] To a solution of 2-amino-pyridine-3-carbaldehyde oxime (951 mg, 6.93 mmol) described in Manufacturing 
Example 29-1-1 in N,N-dimethylformamide (20 mL) was added N-chlorosuccinimide (2.22 g, 16.6 mmol) at room tem- 
perature, which was stirred at room temperature for 5 hours and 30 minutes. The reaction solution was partitioned into 
water and ethyl acetate at room temperature. The organic layer was washed with water and saturated aqueous sodium 
chloride, and dried over anhydrous magnesium sulfate, and the solvent was concentrated under a reduced pressure. 
The residue was purified by silica gel column chromatography (hepane : ethyl acetate =1 : 1 ) to obtain the title compound 
(249 mg, 17%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 7.24 (2H, brs), 7.91-7.92 (1H, m), 8.06-8.07 (1 H, m), 12:6 (1H, s). 

[Manufacturing Example 29-2-1] (3-(4-Benzyloxy-phenyl)-prop-1-ynyl)-trimethylsilane 

[0499] 




[0500] To a solution of trimethylsilyl acetylene (851 (j-U 6.02 mmol) in tetrahydrofuran (20 mL) was added ethyl 
magnesium bromide (3 M diethyl ether solution, 1 .86 mL, 5.59 mmol) under nitrogen atmosphere at room temperature, 
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which was stirred for 40 minutes at 65°C. The reaction solution was cooled to room temperature, and copper (I) bromide 
(308 mg, 2.1 6 mmol) and 4-benzyloxybenzyl chloride (1 .00 g, 4.30 mmol) were added to the reaction solution and stirred 
for 8 hours and 45 minutes at 65°C. Saturated ammonium chloride solution was added to the reaction solution at room 
temperature, which was then extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium 
chloride and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The 
residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 30 : 1)to obtain the title compound 
(91 1 mg, 72%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 0.18 (9H, s), 3.59 (2H, s), 5.06 (2H, s), 6.92-6.95 (2H, m), 7.23-7.26 (2H, m), 
7.30-7.34 (1 H, m), 7.36-7.40 (2H, m), 7.42-7.44 (2H, m). 

[Manufacturing Example 29-2-2] 1-Benzyloxy-4-prop-2-ynyl-benzene 



[0502] To a solution of (3-(4-benzyloxy-phenyl)-prop-1-ynyl)-trimethyl-silane (911 mg, 3.09 mmol) described in Man- 
ufacturing Example 29-2-1 in methanol (20 ml_) was added potassium carbonate (854 mg, 6.18 mmol) at room temper- 
ature, which was stirred for 4 hours and 10 minutes at room temperature. The reaction solution was partitioned into 
water and ethyl acetate at room temperature. The organic layer was washed with saturated aqueous sodium chloride 
and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue 
was purified by silica gel column chromatography (heptane : ethyl acetate = 20 : 1) to obtain the title compound (618 
mg, 90%). 

1 H-NMR Spectrum (CDCI 3 ) (ppm): 8 2.1 6 (1 H, t, J = 2.4 Hz), 3.54 (2H, d, J = 2.4 Hz), 5.05 (2H, s), 6.91-6.94 (2H, m), 
7.24-7.26 (2H, m), 7.29-7.43 (5H, m). 

[Manufacturing Example 29-2-3] 3-(5-(4-Benzyloxy-benzyl)-isoxazol-3-yl)-5-chloropyridin-2-ylamine 



[0504] To a solution of 2-amino-5-chloro-N-hydroxypyridin-3-carboxyimidoyl chloride (100 mg, 485 (xmol) described 
in Manufacturing Example 29-1-2 in diethyl ether (2 ml_) and tetrahydrof uran (1 mL) were added 1-benzyloxy-4-prop-2- 
ynyl-benzene (113 mg, 509 (jumol) described in Manufacturing Example 29-2-2 and triethylamine (81 |j.L, 582 ixmol), 
which was stirred for 4 hours and 5 minutes at room temperature. The reaction solution was concentrated under a 
reduced pressure. The residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 5:1) 
to obtain the title compound (59 mg, 31 %). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 4.11 (2H, s), 5.07 (2H, s), 6.97-6.99 (3H, m), 7.05 (2H, s), 7.24 (2H, d, J = 
8.6,Hz), 7.29-7.32 (1 H, m), 7.37 (2H, m), 7.42 (2H, m), 8.07 (1 H, d, J = 2.6 Hz), 8.1 1 (1 H, d, J = 2.6 Hz). 

[Example 30] 3-(5-(4-(Pyridin-2-yloxymethyl)-benzyl)-isoxazol-3-yl)-pyridin-2-ylamine 



[0501] 




[0503] 




[0505] 
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[0506] To a solution of 5-chloro-3-(5-(4-(pyridin-2-yloxymethyl)-benzyl)-isoxazol-3-yl)-pyridiri-2-ylarnine (37 mg, 94 
M,mol) described in Manufacturing Example 30-1-3 in N-methyl-2-pyrrolidinone (2 mL) were added formic acid (5.3 |xL, 
0.14 mmol), N,N-diisopropylethylamine (49 |iL, 0.28 mmol) and bis(tri-*ert-butylphosphine)palladium (0) (9.6 mg, 19 
fjimol) at room temperature, which was stirred under nitrogen atmosphere for 1 hour and 25 minutes at 100°C. Water 
and ethyl acetate were added to the reaction solution at room temperature, which was then filtered through a Celite pad. 
The filtrate was partitioned into water and ethyl acetate. The organic layer was washed with water and saturated aqueous 
sodium chloride, and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. 
The residue was purified by reverse-phase high performance liquid chromatography (using an acetonitrile-water mobile 
phase containing 0.1 % trifluoroacetic acid), and then further purified by silica gel column chromatography (heptane : 
ethyl acetate = 1 : 1 ) to obtain the title compound (0.66 mg, 2.0%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.14 (2H, s), 5.39 (2H, s), 6.27 (1 H, s), 6.49 (2H, brs), 6.69 (1 H, dd, J = 4.9, 7.5 
Hz), 6.81 (1 H, d, J = 8.4 Hz), 6.88-6.91 (1 H, m), 7.31 (2H, d, J = 8.0 Hz), 7.47 (2H, d, J = 8.0 Hz), 7.57-7.62 (1 H, m), 
7.68 (1 H, dd, J = 1.8, 7.5 Hz), 8.09 (1 H, dd, J = 1.8, 4.9 Hz), 8.17-8.19 (1 H, m). 
MS m/e (ESI) 359.11 (MH + ) 

The starting material, 5-chloro-3-(5-(4-(pyridin-2-yloxymethyl)-benzyl)-isoxazol-3-yl)-pyridin-2-ylamine, was synthesized 
as follows. 

[Manufacturing Example 30-1-1] 2-(4-Chloromethyl-benzyloxy)-pyridine 



[0508] A mixture of (4-(pyridin-2-yioxymethyl)-phenyl)methanol (540 mg, 2.51 mmol) described in Manufacturing Ex- 
ample 2-1-1, triphenylphosphine (856 mg,3.27 mmol) and carbon tetrachloride (10.8 g, 10.2 mmol) was stirred under 
reflux for 2 hours and 10 minutes. The reaction solution was cooled to room temperature, and concentrated under a 
reduced pressure. The residue was purified by silica gel column chromatography (heptane : acetic acid = 8 : 1 ) to obtain 
the title compound (300 mg, 51 .1 %). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.76 (2H, s), 5.35 (2H, s), 6.86-6.90 (1 H, m), 6.97-7.20 (1 H, m), 7.44 (4H, s), 
7.70-7.76 (1 H, m), 8.15-8.18 (1H m). 

[Manufacturing Example 30-1-2] 2-(4-Prop-2-ynyl-benzyloxy)-pyridine 



[0507] 




[0509] 
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10 [0510] To a solution of trimethylsilyl acetylene (496 (xL, 3.51 mmol) in tetrahydrofuran (15 ml_) was added ethyl 
magnesium bromide (3 M diethyl ether solution, 1 .09 mL, 3.28 mmol) under nitrogen atmosphere at room temperature, 
which was stirred for 30 minutes at 65°C. The reaction solution was cooled to room temperature, and copper (I) bromide 
(168 mg, 1.17 mmol) and 2-(4-chloromethyl-benzyloxy)-pyridine (548 mg, 2.34 mmol) manufactured in Manufacturing 
Example 30-1 -1 were added thereto and stirred for 1 5 hou rs and 1 0 minutes at 65°C. The reaction solution was partitioned 

« into saturated aqueous ammonium chloride solution and ethyl acetate at room temperature. The organic layer was 
washed with saturated aqueous sodium chloride, and dried over anhydrous magnesium sulfate, and the solvent was 
evaporated under a reduced pressure. To a solution of the resulting residue in methanol (5 mL) and tetrahydrofuran (1 0 
mL) was added potassium carbonate (647 mg, 4.68 mmol), which was stirred for 3 hours and 25 minutes at room 
temperature. The reaction solution was partitioned into water and ethyl acetate at room temperature. The organic layer 

20 was washed with saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, and the solvent 
was evaporated under a reduced pressure. The residue was purified by silica gel column chromatography (heptane : 
ethyl acetate = 20 : 1) to obtain a mixture of the title compound and 2-(4-chloromethyl-benzyloxy)-pyridine (448 mg, 
target purity 20%, 17%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 3.04 (1 H, m), 3.61 (2H, d, J = 2.6 Hz), 5.30 (2H, s), 6.83-6.87 (1 H, m), 6.95-6.99 
25 (1 H, m), 7.30-7.32 (2H, s), 7.36-7.40 (2H, m), 7.68-7.73 (1 H, m), 8.14-8.16 (1 H, m). 

[Manufacturing Example 30-1 -3] 5-Chloro-3-(5-(4-(pyridin-2-yloxymethyl)-benzyl)-isoxazol-3-yl)-pyridin-2-ylamine 

[0511] 

30 



35 



40 




[0512] To a solution of 2-amino-5-chloro-N-hydroxypyridine-3-carboxyimidoyl chloride (50 mg, 242 ixmol) described 
in Manufacturing Example 29-1-2 in tetrahydrofuran (5 mL) were added triethylamine (41 (xL, 292 (xmol) and 2-(4-prop- 
45 2-ynyl-benzyloxy)-pyridine (271 mg, 243 jiimol, purity: 20%) described in Manufacturing Example 30-1-2 at room tem- 
perature, which was stirred for 30 minutes at room temperature, and further stirred under reflux for 2 hours and 25 
minutes. The reaction solution was cooled to room temperature, and concentrated under a reduced pressure. The residue 
was purified by NH silica gel column chromatography (heptane : ethyl acetate = 5 : 1) to obtain the title compound (37 
mg, 39%). 

so 1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.22 (2H, s), 5.34 (2H, s), 6.86 (1 H, d, J = 8.2 Hz), 6.97-7.01 (1 H, m), 7.04 (1 
H, s), 7.07 (2H, brs), 7.34 (2H, d, J = 8.0 Hz), 7.44 (2H, d, J = 8.0 Hz), 7.70-7.74 (1 H, m), 8.09 (1 H, d, J = 2.6 Hz), 8.14 
(1 H,d, J = 2.6 Hz), 8.16-8.18 (1H,m). 

[Example 31] 3-(1 -(4-Benzyloxy-benzyl)-1H-pyrazol-4-yl)-pyridin-2-ylamine 

55 
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[0514] To a solution of 2-amino-3-bromopyridine (44.1 mg, 0.26 mmol) in anhydrous tetrahydrofuran (7 mL) were 
added 1 -(4-benzyloxy-benzyl)-4-tributylstannanyl-1 H-pyrazole (141 mg, 0.26 mmol) described in Manufacturing Exam- 
ple 31-1-2, copper (I) iodide (19.4 mg, 0.10 mmol) and bis(triphenylphosphine)palladium (II) (35.8 mg, 0.05 mmol) under 
nitrogen atmosphere, which was stirred for 4 hours at 70°C. Water and ethyl acetate were added to the reaction mixture 
at room temperature, which was then filtered through a Celite pad, and the filtrate was partitioned into water and ethyl 
acetate. The organic layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous 
magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica 
gel column chromatography (ethyl acetate : heptane = 2:1, then ethyl acetate) to obtain the title compound (1 .8 mg, 2%). 
1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 5.09 (2H, s), 5.26 (2H, s), 5.87 (2H, brs), 6.61 (1 H, dd, J = 4.8, 7.2 Hz), 6.98 
(2H, d, J = 8.8 Hz), 7.27 (2H, d, J = 8.8 Hz), 7.32-7.44 (5H, m), 7.47-7.49 (1 H, m), 7.74 (1 H, s), 7.86 (1 H, dd, J = 1 .6, 
5.0 Hz), 8.13(1 H, s). 

The starting material, 1-(4-benzyloxy-benzyl)-4-tributylstannanyl-1 H-pyrazole, was synthesized as follows. 
[Manufacturing Method 31-1-1] 1-(4-Benzyloxy-benzyl)-4-bromo-1 H-pyrazole 



[0516] To a solution of 2-bromopyrazole (500 mg, 3.40 mmol) in N,N-dimethylformamide (10 mL) was added sodium 
hydride (196 mg, 4.08 mmol, 60% in oil) on an ice bath (0°C) under nitrogen atmosphere, which was stirred for 30 
minutes at room temperature. 4-Benzyloxybenzyl chloride (791 mg, 3.40 mmol) was then added and stirred for 60 
minutes at room temperature. The reaction mixture was partitioned into water and ethyl acetate at room temperature. 
The organic layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous magnesium 
sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by silica gel column 
chromatography (ethyl acetate : heptane =1 : 5) to obtain the title compound (1.1 g, 94%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 5.04 (2H, s), 5.17 (2H, s), 6.94 (2H, d, J = 8.8 Hz), 7.17 (2H, d, J = 8.8 Hz), 
7.31 (1 H, s), 7.33-7.41 (5H, m), 7.47 (1 H, m). 

[Manufacturing Example 31-1-2] 1-(4-Benzyloxy-benzyl)-4-tributylstannanyl-1 H-pyrazole 



[0518] To a solution of 1-(4-benzyloxy-benzyl)-4-bromo-1 H-pyrazole (1.10 g, 3.20 mmol) described in Manufacturing 
Example 31 -1 -1 in xylene (20 mL) were added tetrakis(triphenylphosphine)palladium (0) (370 mg, 0.32 mmol) and hexa- 



[0515] 




[0517] 
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n-butyl stannane (5.57 g, 9.60 mmol) under nitrogen atmosphere, which was stirred for 2 hours at 140°C. Water and 
ethyl acetate were added to the reaction mixture at room temperature, which was then filtered through a Celite pad, and 
the filtrate was partitioned into water and ethyl acetate. The organic layer was washed with water and saturated aqueous 
sodium chloride, and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. 
5 The residue was purified by silica gel column chromatography (ethyl acetate : heptane = 1 : 5) to obtain the title compound 
(141 mg, 8%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 0.87 (9H, t, J = 7.2 Hz), 0.92-1.00 (6H, m), 1.26-1.35 (6H, m), 1.46-1.54 (6H, m), 
5.05 (2H, s), 5.27 (2H, s), 6.93-6.95 (2H, m), 7.14-7.17 (2H, m), 7.23 (1H, s), 7.31-7.43 (5H, m), 7.46 (1H, s). 

10 [Example 32]3-(1 -(4-(Pyridin-2-yloxymethyl)-benzyl)-1 H-pyrazol-4-yl)-pyridin-2-ylamine 

[0519] 



15 



20 




[0520] To asolution of 3-(1H-pyrazol-4-yl)-pyridin-2-ylamine(1 50 mg, 0.94 mmol) described in Manufacturing Example 
25 32-1-4 in N,N-dimethylformamide (10 ml_) was added sodium hydride (48.7 mg, 1.22 mmol, 60% in oil) on an ice bath 
(0°C) under nitrogen atmosphere. Following 40 minutes of stirring at room temperature, 2-(4-chloromethyl-benzyloxy)-py- 
ridine (228 mg, 0.98 mmol) described in Manufacturing Example 30-1 -1 was added and stirred for 30 minutes at room 
temperature. The reaction mixture was partitioned into water and ethyl acetate at room temperature. The organic layer 
was washed with water and saturated aqueous sodium chloride, and dried over anhydrous magnesium sulfate, and the 
so solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column chromatography 
(ethyl acetate : heptane = 2 : 1, then ethyl acetate) to obtain the title compound (307 mg, 92%). 
1 H-NMRSpectrum (DMSO-d 6 ) 5 (ppm): 5.33 (2H, s),5.35 (2H, s), 5.60 (2H, brs), 6.61 (1 H, dd, J = 4.8, 7.4 Hz), 6.84-6.87 
(1 H, m), 6.96-7.00 (1 H, m), 7.30-7.43 (1 H, m), 7.31 (2H, d, J = 8.4 Hz), 7.42 (1 H, t, J = B.4 Hz), 7.48 (1 H, dd, J = 2.0, 
7.2 Hz), 7.69-7.73 (1 H, m), 7.76 (1 H, d, J = 1.2 Hz), 7.87 (1 H, dd, J = 2.0, 5.0 Hz), 8.15-8.17 (1 H, m), 8.18 (1 H, d, J 
35 = 0.8 Hz). 

The starting material, 3-(1 H-pyrazol-4-yl)-pyridin-2-ylamine, was synthesized as follows. 
[Manufacturing Example 32-1-1] 4-Bromo-1-trityl-1H-pyrazole 
40 [0521] 



-(5 



50 




[0522] To a solution of 4-bromopyrazole (1 0.0 g, 68.0 mmol) in N,N-dimethylformamide (100 mL) was added dropwise 
triethylamine (23.7 mL, 170 mmol) under nitrogen atmosphere at room temperature. Trityl chloride (37.9 g, 136 mmol) 
55 was added to the reaction solution on an ice bath (0°C), and stirred for 3 hours at 70°C. Water (400 mL) was added to 
the reaction solution to precipitate the solids. The precipitated solids were filtered and dried under a reduced pressure. 
The solids were then azeotropically dried with toluene to obtain the title compound (22.9 g, 87%). 1 H-NMR Spectrum 
(DMSO-d 6 ) 5 (ppm): 7.04-7.07 (6H, m), 7.35-7.38 (9H, m), 7.52 (1H, d, J = 0.4 Hz), 7.76 (1 H, d, J = 0.8 Hz). 
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[Manufacturing Example 32-1-2] 4-(4,4,5,5-Tetramethyl-(1,3,2)dioxaborolan-2-yl)-1-trityl-1 H-pyrazole 



[0523] 




v O-B 



[0524] A mixture of 4-bromo-4-trityl-1 H-pyrazole (4.8 g, 12.3 mmol) described in Manufacturing Example 32-1 -1 , bis 
(pinacolate)diboran (5.0 g, 19.7 mmol), potassium acetate (3.62 g, 36.9 mmoL), 1,1' bis(diphenylphosphino)ferrocene 
dichloropalladium (II) (450 mg, 0.62 mmol) and dimethyl sulfoxide (50 ml_) was stirred under argon atmosphere for 17 
hours and 10 minutes at 80°C. The reaction solution was allowed to room temperature, and partitioned into water and 
ethyl acetate. The organic layer was concentrated under a reduced pressure. The residue was purified by silica gel 
chromatography (heptane : ethyl acetate = 4:1). Heptane was added to the solids obtained by concentrating the eluate 
under a reduced pressure, which were then irradiated by ultrasonic wave and filtered to obtain the title compound (1 .51 
g, 28.0%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 1.30 (12H, s), 7.10-7.16 (6H, m), 7.26-7.31 (9H, m), 7.75 (1 H, s), 7.94 (1 H, s). 
[Manufacturing Example 32-1-3] 3-(1-Trityl-1H-pyrazol-4-yl)-pyridin-2-ylamine 



[0526] 4-(4,4,5,5-Tetramethyl-(1 ,3,2)dioxaborolan-2-yl)-1 -trityl-1 H-pyrazole (3.2 g, 7.33 mmol) described in Manufac- 
turing Example 32-1 -2, 3-bromo-pyridine-2-ylamine (1.14g, 6.60 mmol), tetrakis (triphenylphosphine)palladium (0) (424 
mg, 0.37 mmol), toluene (40 ml_), 2 M aqueous sodium carbonate solution (1 0 mL) and ethanol (20 mL) were stirred for 
1 hour at 95°C. The reaction solution was allowed to room temperature, and partitioned into water and ethyl acetate. 
The ethyl acetate layer was washed with water once, and the solvent was evaporated under a reduced pressure. The 
residue was purified by silica gel chromatography (heptane: ethyl acetate = 1:2) to obtain the title compound (2. 3 g, 78.0%). 



[0525] 
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1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 5.52 (2H, brs), 6.57 (1 H, dd, J = 7.2, 4.8 Hz), 7.1 0-7.1 6 (6H, m), 7.28-7.38 (9H, 
m), 7.42 (1 H, d, J = 7.2 Hz), 7.66 (1 H, s), 7.84 (1 H, d, J = 4.8 Hz), 7.92 (1 H, s). 

[Manufacturing Example 32-1-4] 3-(1 H-Pyrazol-4-yl)-pyridin-2-ylamine 

[0527] 



H 




[0528] 3-(1 -Trityl-1 H-pyrazol-4-yl)-pyridin-2-ylamine (2.3 g, 5.71 mmol) described in Manufacturing Example 32-1 -3, 
2 N hydrochloric acid (15 ml_), methanol (15 ml_) and tetrahydrofuran (10 ml_) were stirred for 30 minutes at 70°C. The 
reaction solution was allowed to room temperature, and partitioned into water and ethyl acetate. Saturated sodium 
bicarbonate solution was added to the separated aqueous layer, which was then extracted with ethyl acetate 6 times. 
The ethyl acetate layers were combined and the solvent was evaporated under a reduced pressure. The residue was 
purified by silica gel chromatography (ethyl acetate, then ethyl acetate : methanol = 10 : 1) to obtain the title compound 
(625 mg, 68.3%). 

1 H-NMR Spectrum (DMSO-d 6 ) 3 (ppm): 5.59 (2H, brs), 6.62 (1 H, dd, J = 4.8, 7.6 Hz), 7.49 (1 H, d, J = 7.2 Hz), 7.88 (1 
H, d, J = 4.8 Hz), 7.72-8.15 (2H, brs), 12.9 (1 H, brs). 

[Example 33] 3-(1-(4-Butoxymethyl-benzyl)-1 H-pyrazol-4-yl)-pyridin-2-ylamine 

[0529] 




[0530] Toamixtureof3-(1H-pyrazol-4-yl)-pyridin-2-ylamine (20 mg, 0.13 mmol) described in Manufacturing Example 
32-1 -4 and N,N-dimethylformamide (1mL) was added sodium hydride (6.8 mg, 0.19 mmol, 66% in oil), which was stirred 
for 30 minutes at room temperature. 1-Butoxymethyl-4-chloromethyl-benzene (29 mg, 0.14 mmol) described in Manu- 
facturing Example 33-1 -4 was added to the reaction mixture at room temperature, and stirred for 1 .5 hours at 40°C. The 
reaction mixture was cooled and partitioned into water and ethyl acetate. The organic layer was washed with saturated 
aqueous sodium chloride, and the solvent was evaporated under a reduced pressure. The residue was purified by NH 
silica gel column chromatography (ethyl acetate : heptane = 2 : 1) to obtain the title compound (33 mg, 78%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 0.92 (3H, t, J = 7.4 Hz), 1 .35-1.44 (2H, m), 1 .56-1 .62 (2H, m), 3.48 (2H, t, J = 6.6 
Hz), 4.49 (2H, s), 4.61 (2H, brs), 5.34 (2H, s), 6.70 (1 H, dd, J = 5.0, 7.4 Hz), 7.27 (2H, d, J = 8.1 Hz), 7.35 (2H, d, J = 
8.1 Hz), 7.39 (1 H, dd, J = 1 .8, 7.3 Hz), 7.58 (1 H, s), 7.73 (1 H, d, J = 0.7 Hz), 8.00 (1H, dd, J = 1 .8, 5.1 Hz). 
The starting material, 1 -butoxymethyl-4-chloromethyl-benzene, was synthesized as follows. 

[Manufacturing Example 33-1-1] 4-Butoxymethyl-benzonitrile 

[0531] 
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[0532] To a mixture of sodium hydride (270 mg, 1 1 mmol, 66%inoil)andtetrahydrofuran (20 mL) was added n-butanol 
(1 .1 mL, 12 mmol) at 0°C, which was stirred for 45 minutes at room temperature. The reaction mixture was cooled to 
0°C, and a mixture of 4-cyanobenzyl bromide (1.5 g, 7.4 mmol) and tetrahydrofuran (10 mL) was added dropwise at 
that temperature. The reaction mixture was stirred for 3 hours at room temperature, and N,N-dimethylformamide (10 
mL) was added to the reaction mixture and stirred for further 4.5 hours at the same temperature. The reaction mixture 
was partitioned into water and diethyl ether. The organic layer was washed with saturated aqueous sodium chloride, 
and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column chroma- 
tography (ethyl acetate : heptane = 1 : 6) to obtain the title compound (1 .2 g, 84%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 0.93 (3H, t, J = 7.3 Hz), 1 .37-1 .46 (2H, m), 1 .59-1 .66 (2H, m), 3.50 (2H, t, J = 6.6 
Hz), 4.55 (2H, s), 7.43-7.46 (2H, m), 7.62-7.65 (2H, m). 

[Manufacturing Example 33-1-2] 4-Butoxymethyl-benzylamine 



[0534] To a mixture of lithium aluminum hydride (600 mg, 13 mmol, purity: 80%) and tetrahydrofuran (10 mL) was 
added a mixture of 4-butoxymethyl-benzonitrile (600 mg, 3.2 mmol) described in Manufacturing Example 33-1-1 and 
tetrahydrofuran (10 mL) at 0°C, which was stirred for 4 hours at room temperature. 28% Aqueous ammonia solution 
was added dropwise to the reaction mixture at 0°C. The reaction mixture was warmed to room temperature and filtered. 
The filtrate was concentrated under a reduced pressure to obtain the title compound (620 mg, 101 %) as a crude product. 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 0.92 (3H, t, J = 7.3 Hz), 1.37-1.44 (2H, m), 1.56-1.63 (2H, m), 3.47 (2H, t, J = 6.6 
Hz), 3.86 (2H, s), 4.49 (2H, s), 7.27-7.32 (4H, m). 

[Manufacturing Example 33-1-3] (4-Butoxymethyl-phenyl)-methanol 



[0536] To a mixture of 4-butoxymethyl-benzylamine (250 mg, 1.3 mmol) described in Manufacturing Example 33-1-2, 
acetic acid (2 mL) and water (2 mL) was added sodium nitrite (1.1 g, 16 mmol) at0°C, which was stirred for 40 minutes 
at room temperature. The reaction mixture was partitioned into ethyl acetate and water. The organic layer was washed 
with saturated aqueous sodium hydrogen carbonate solution and saturated aqueous sodium chloride, and the solvent 
was evaporated under a reduced pressure. Methanol (2 mL) and potassium carbonate (360 mg, 2.6 mmol) were added 
to the residue, and the reaction mixture was stirred for 1.5 hours at room temperature. The reaction mixture was con- 
centrated under a reduced pressure. The residue was purified by neutral silica gel column chromatography (ethyl acetate : 
heptane = 1 : 1) to obtain the title compound (200 mg, 78%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 0.92 (3H, t, J = 7.3 Hz), 1.35-1.44 (2H, m), 1.57-1.64 (2H, m), 3.47 (2H, t, J = 6.6 
Hz), 4.50 (2H, s), 4.69 (2H, s), 7.34 (4H, s). 

[Manufacturing Example 33-1-4] 1-Butoxymethyl-4-chloromethyl-benzene 



[0533] 




[0535] 




[0537] 
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[0538] A mixture of (4-butoxymethyl-phenyl)-methanol (190 mg, 0.98 mmol) described in Manufacturing Example 
33-1 -3, triphenylphosphine (31 0 mg, 1 .2 mmol) and carbon tetrachloride (3 mL) was stirred under reflux for 7 hours. The 
reaction mixture was cooled to room temperature, and concentrated under a reduced pressure. The residue was purified 
by neutral silica gel column chromatography (ethyl acetate : heptane = 1 : 15) to obtain the title compound (180mg, 86%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 0.92 (3H, t, J = 7.3 Hz), 1.35-1.45 (2H, m), 1.57-1.64 (2H, m), 3.47 (2H, t, J = 6.6 
Hz), 4.50 (2H, s), 4.59 (2H, s), 7.32-7.38 (4H, m). 

[Example 34] 3-(1-(4-Phenoxy-benzyl)-1 H-pyrazol-4-yl)-pyridin-2-ylamine 

[0539] 




[0540] To a solution of 3-(1 H-pyrazol-4-yl)-pyridin-2-ylamine (20 mg, 0.1 3 mmol) described in Manufacturing Example 
32-1-4 in N,N-dimethylformamide (10 mL) was added sodium hydride (7.5 mg, 0.19 mmol, 60% in oil) under nitrogen 
atmosphere on an ice bath (0°C), which was stirred for 30 minutes at room temperature. 1-Chloromethyl-4-phenoxy- 
benzene (32.8 mg, 0.15 mmol) described in Manufacturing Example 34-1-1 was then added to the mixture and stirred 
for30 minutes at room temperature. The reaction mixture was partitioned into water and ethyl acetate at room temperature. 
The organic layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous magnesium 
sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column 
chromatography (ethyl acetate : heptane = 2:1, then ethyl acetate only) to obtain the title compound (41 mg, 86%, purity: 
90%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 5.33 (2H, s), 5.60 (2H, brs), 6.61 (1 H, dd, J = 4.8, 7.4 Hz), 6.98-7.01 (2H, m), 
7.12-7.16 (1 H, m), 7.34-7.40 (2H, m), 7.48-7.65 (5H, m), 7.77 (1 H, s), 7.87 (1 H, dd, J = 1.2, 5.0 Hz), 8.18 (1 H, s). 
The starting material, 1-chloromethyl-4-phenoxy-benzene, was synthesized as follows. 

[Manufacturing Example 34-1-1] 1-Chloromethyl-4-phenoxy-benzene 

[0541] 




[0542] To a solution of (4-phenoxy-phenyl)-methanol (408 mg, 2.04 mmol) in carbon tetrachloride (8.2 mL) was added 
triphenylphosphine (642 mg, 2.45 mmol) under nitrogen atmosphere at room temperature, and the reaction solution was 
stirred under reflux for 7 hours and 40 minutes. The reaction mixture was cooled to room temperature and concentrated 
under a reduced pressure. The residue was purified by silica gel column chromatography (heptane : ethyl acetate = 10: 
1) to obtain the title compound (409 mg, 92%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.76 (2H, s), 6.98-7.05 (4H, m), 7.15-7.19 (1 H, m), 7.39-7.46 (4H, m). 
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[Example 35]3-(1 -(3-Phenoxy-benzyl)-1 H-pyrazol-4-yl)-pyridin-2-ylamine 



[0543] 




-N 



[0544] To a solution of 3-(1 /-/-pyrazol-4-yl)-pyridin-2-ylamine (20 mg, 0. 1 3 mmol) described in Manufacturing Example 
32-1-4 in N,N-dimethylformamide (10 mL) was added sodium hydride (7.5 mg, 0.19 mmol, 60% in oil) under nitrogen 
atmosphere on an ice bath (0°C), which was stirred for 40 minutes at room temperature. 1-Chloromethyl-3-phenoxy- 
benzene (32.8 mg, 0.15 mmol) described in Manufacturing Example 35-1-1 was then added and stirred for 30 minutes 
at room temperature. The reaction mixture was partitioned into water and ethyl acetate at room temperature. The organic 
layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous magnesium sulfate, 
and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column chroma- 
tography (ethyl acetate : heptane =2:1 , then ethyl acetate only) to obtain the title compound (20 mg, 47%). 
1 H-NMR Spectrum (DMSO-d 6 ) 3 (ppm): 5.35 (2H, s), 5.59 (2H, brs), 6.62 (1 H, dd, J = 1 .2, 7.4 Hz), 6.90-6.95 (2H, m), 
6.99-7.06 (3H, m), 7.13-7.17 (1 H, m), 7.34-7.41 (3H, m), 7.48 (1 H, dd, J = 2.0, 7.4 Hz), 7.70 (1 H, d, J = 0.8 Hz), 7.87 
(1 H, dd, J = 2.0, 5.0 Hz), 8.18 (1 H, d, J = 0.8 Hz). 

The starting material, 1-chloromethyl-3-phenoxy-benzene, was synthesized as follows. 
[Manufacturing Example 35-1-1] 1-Chloromethyl-3-phenoxy-benzene 



[0546] To a solution of (3-phenoxy-phenyl)-methanol (2.00 g, 10.0 mmol) in carbon tetrachloride (40 mL) was added 
triphenylphosphine (3.1 5 g, 12.0 mmol) at room temperature. The reaction solution was stirred under nitrogen atmosphere 
for 5 hours and 40 minutes under reflux. The reaction mixture was cooled to room temperature and concentrated under 
a reduced pressure. The residue was purified by silica gel column chromatography (heptane : ethyl acetate = 10 : 1) to 
obtain the title compound (2.05 g, 94%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.37 (2H, s), 6.94-6.97(1 H, m), 7.00-7.03 (2H, m), 7.05-7.06 (1 H, m), 7.13-7.20 
(3H, m), 7.37-7.41 (2H, m). 

[Example 36]3-(1 -(4-Benzyloxy-benzyl)-1 H-pyrazol-4-yl)-pyridin-2,6-diamine 



[0545] 




[0547] 
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[0548] To a solution of 3-(1 H-pyrazol-4-yl)-pyridin-2,6-diamine (25 mg, 0.14 mmol) described in Manufacturing Ex- 
ample 36-1-2 in N,N-dimethylformamide (10 mL) was added sodium hydride (8.6 mg, 0.22 mmol, 60% in oil) under 
nitrogen atmosphere on an ice bath (0°C), which was stirred for 30 minutes at room temperature. 4-Benzyloxybenzyl 
chloride (49.9 mg, 0.22 mmol) was then added and stirred for 30 minutes at room temperature. The reaction mixture 
was partitioned into water and ethyl acetate at room temperature. The organic layer was washed with water and saturated 
aqueous sodium chloride, and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced 
pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : heptane =2:1, then ethyl 
acetate only) to obtain the title compound (24.0 mg, 45%). 

1 H-NMR Spectrum (DMSO-d B ) 5 (ppm): 5.06 (2H, brs), 5.09 (2H, s), 5.21 (2H, s), 5.43 (2H, brs), 5.77 (1 H, d, J = 8.0 
Hz), 6.97-7.00 (2H, m), 7.15 (1 H, d, J = 8.0 Hz), 7.23-7.26 (2H, m), 7.30-7.34 (1 H, m), 7.36-7.44 (4H, m), 7.56 (1 H, 
d, J = 1 .2 Hz), 7.90(1 H,d,J= 1.2 Hz). 

The starting material, 3-(1 H-pyrazol-4-yl)-pyridin-2,6-diamine, was synthesized as follows. 
[Manufacturing Example 36-1-1] 3-(1 Trityl-1 H-pyrazol-4-yl)-pyridin-2,6-diamine 
[0549] 




[0550] To a solution of 3-iodo-pyridin-2,6-diamine (3.3 g, 7.74 mmol, purity: 70%) described in Manufacturing Example 
13-1-1 in toluene (50 mL) were added ethanol (25 mL), 2 N aqueous sodium carbonate solution (12.5 mL), 4-(4,4,5,5- 
tetramethyl-(1 ,3,2)dioxaborolan-2-yl)-1 -trityl-1 H-pyrazole (3.3 g, 7.56 mmol) described in Manufacturing Example 32-1 -2 
andtetrakis(triphenylphosphine)palladium (0) (1.02 g, 0.88 mmol) under nitrogen atmosphere, which was stirred for 2.5 
hours at 95°C. Water and ethyl acetate were added to the reaction mixture at room temperature, which was then filtered 
through a Celite pad, and the filtrate was partitioned into water and ethyl acetate. The organic layer was washed with 
water and saturated aqueous sodium chloride, and dried over anhydrous magnesium sulfate, and the solvent was 
evaporated under a reduced pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : 
heptane = 1:2 then 2 : 1 then 5 : 1) to obtain the title compound (2.4 g, 73%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.63 (2H, brs), 4.79 (2H, brs), 5.90 (1 H, d, J = 8.0 Hz), 7.1 6-7.20 (6H, m), 7.29-7.32 
(10H, m), 7.45(1 H,s), 7.77(1 H, s). 

[Manufacturing Example 36-1-2] 3-(1 H-pyrazol-4-yl)-pyridin-2,6-diamine 



[0551] 
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[0552] To a solution of 3-(1 -trityl-1 H-pyrazol-4-yl)-pyridin-2,6-diamine (1 0.0 g, 25.7 mmol) described in Manufacturing 
Example 36-1-1 in methylene chloride (14 ml_) was added trifluoroacetic acid (7 ml_) under nitrogen atmosphere, which 
was stirred for 1 hour at room temperature. The reaction mixture was concentrated under a reduced pressure. The 
residue was purified by NH silica gel column chromatography (ethyl acetate, then ethyl acetate : methanol = 10 : 1) to 
obtain the title compound (600 mg, 60%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 5.04 (2H, brs), 5.41 (2H, brs), 5.78 (1 H, d, J = 8.4 Hz), 7.16 (1 H, d, J = 8.0 
Hz), 7.62 (1 H, brs), 7.78 (1 H, brs), 12.8 (1 H, brs). 

[Example 37] 3-(1-(4-(Pyridin-2-yloxymethyl)-benzyl)-1 H-pyrazol-4-yl)-pyridin-2,6-diamine 
[0553] 




[0554] To a solution of 3-(1 H-pyrazol-4-yl)-pyridin-2,6-diamine (25 mg, 0.14 mmol) described in Manufacturing Ex- 
ample 36-1 -2 in N,N-dimethylformamide (3 mL) was added sodium hydride (8.6 mg, 0.22 mmol, 60% in oil) under nitrogen 
atmosphere on an ice bath (0°C). Following 30 minutes of stirring at room temperature, 2-(4-chloromethyl-benzyloxy)-py- 
ridine (43.4 mg, 0.19 mmol) described in Manufacturing Example 30-1-1 was added and stirred for 30 minutes at 60°C. 
The reaction mixture was partitioned into water and ethyl acetate at room temperature. The organic layer was washed 
with water and saturated aqueous sodium chloride, and dried over anhydrous magnesium sulfate, and the solvent was 
evaporated under a reduced pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : 
heptane =2:1 , then ethyl acetate only) to obtain the title compound (22.8 mg, 43%). 

1 H-NMR Spectrum (DMSO-d 6 ) 6 (ppm): 5.07 (2H, brs), 5.30 (2H, s), 5.32 (2H, s), 5.43 (2H, brs), 5.78 (1 H, d, J = 8.0 
Hz), 6.84-6.86 (1 H, m), 6.96-7.00 (1 H, m), 7.16 (1 H, d, J = 8.0 Hz), 7.28 (2H, d, J = 8.0 Hz), 7.41 (2H, d, J = 7.6 Hz), 
7.58(1 H, s), 7.69-7.73 (1 H, m), 7.94 (1 H, s), 8.15-8.17 (1H, m). 

[Example 38] 3-(1-(4-Butoxymethyl-benzyl)-1 H-pyrazol-4-yl)-pyridin-2,6-diamine 

[0555] 




[0556] To a solution of 3-(1 H-pyrazol-4-yl)-pyridin-2,6-diamine (20 mg, 0.1 1 mmol) described in Manufacturing Ex- 
ample 36-1 -2 in N,N-dimethylformamide (4 mL) was added sodium hydride (5.9 mg, 0. 1 5 mmol, 60% in oil) under nitrogen 
atmosphere on an ice bath (0°C) Following 30 minutes of stirring at room temperature, 1 -butoxymethyl-4-chloromethyl 
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-benzene (26.7 mg, 0.13 mmol) described in Manufacturing Example 33-1-4 was added and stirred for 30 minutes at 
room temperature. The reaction mixture was partitioned into water and ethyl acetate at room temperature. The organic 
layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous magnesium sulfate, 
and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column chroma- 
tography (ethyl acetate : heptane = 2:1, then ethyl acetate) to obtain the title compound (29.0 mg, 72%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 0.864 (3H, d, J = 7.6 Hz), 1.30-1.35 (2H, m), 1.47-1.54 (2H, m), 3.40 (2H, d, J 
= 6.4 Hz), 4.42 (2H, s), 5.07 (2H, brs), 5.29 (2H, s), 5.43 (2H, brs), 5.78 (1 H, d, J = 8.4 Hz), 7.16 (1 H, t, J = 8.0 Hz), 
7.24-7.29 (4H, m), 7.58 (1 H, s), 7.93 (1 H, s). 

[Example 39] 3-(4-(4-Benzyloxy-benzyl)-pyrazol-1 -yl)-pyridin-2-ylamine 



[0558] To a mixture of 3-(4-bromo-pyrazol-1-yl)-pyridin-2-ylamine (34 mg, 0.14 mmol) described in Manufacturing 
Example 39-1 -4, (4-benzyloxy-benzyl)-tributyl-stannane (84 mg, 0.1 7 mmol) described in Manufacturing Example 39-2-1 
and N-methylpyrrolidinone (1 .5ml_) were added tri-o-tolylphosphine (17mg, 0.057 mmol) and palladium (II) acetate (3.2 
mg, 0.01 4 mmol) at room temperature, which was stirred for 5 hours at 1 20°C. The reaction mixture was cooled to room 
temperature, and filtered after addition of an aqueous potassium fluoride solution and ethyl acetate. The organic layer 
was separated, washed with saturated aqueous sodium chloride, and the solvent was evaporated under a reduced 
pressure. The residue was purified by reverse-phase high performance liquid chromatography (using an acetonitrile- 
water mobile phase containing 0.1 % trifluoroacetic acid) to obtain the title compound (2.6 mg, 4%) as a trifluoroacetic 
acid salt. 

MS m/e (ESI) 357.18 (MH+) 

The starting material, 3-(4-bromo-pyrazol-1-yl)-pyridin-2-ylamine, was synthesized as follows. 
[Manufacturing Example 39-1-1] 2,2-Dimethyl-N-pyridin-2-yl-propionamide 



[0560] To a solution of 2-aminopyridine (50.0 g, 531 mmol) in methylene chloride (500 mL) were added triethylamine 
(81.4 mL, 584 mmol) and pivaloyl chloride (71.9 mL, 584 mmol) at 0°C, which was stirred for 4 hours and 30 minutes 
at room temperature. The reaction solution was partitioned into water and methylene chloride. The organic layer was 
washed with water and saturated aqueous sodium chloride, and dried over anhydrous magnesium sulfate, and the 
solvent was evaporated under a reduced pressure. To a solution of the resulting residue in methanol (300 mL) was 
added potassium carbonate (73.4 g, 531 mmol) at 0°C, which was stirred for 90 minutes at room temperature. The 
reaction solution was partitioned into water and ethyl acetate at room temperature. The organic layer was washed with 
saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, and the solvent was evaporated under 
a reduced pressure. Heptane (300 mL) was added to the residue, and the precipitated solids were filtered to obtain the 
title compound (80.2 g, 85%). The filtrate was then concentrated under a reduced pressure, and the residue was purified 
by silica gel column chromatography (heptane:ethyl acetate = 2:1) to obtain the title compound (12.2 g, 13%). 
1 H-NMR Spectrum (DMSO-d 6 ) 6 (ppm): 1 .22 (9H, s), 7.06-7.09 (1 H, m), 7.72-7.77 (1 H, m), 8.01 -8.03 (1 H, m), 8.29-8.31 



[0557] 




[0559] 
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(1 H, m), 9.71 (1 H, s). 

[Manufacturing Example 39-1-2] N-(3-lodo-pyridin-2-yl)-2,2-dimethyl-prapionamide 
[0561] 




[0562] To a mixture of 2,2-dimethyl-N-pyridin-2-yl-propionamide (3.0 g, 1 7 mmol) described in Manufacturing Example 
39-1-1, N,N,N',N'-tetramethylethylenediamine (6.3 ml_, 42 mmol) and tetrahydrofuran (60 ml_) was added dropwise n- 
butyl lithium (1 .6 M n-hexane solution, 30 mL, 47 mmol) at -78°C, which was stirred overnight at 0°C. Iodine (6.8 g, 27 
mmol) was added to the reaction mixture at -78°C, and stirred for 1 .5 hours at 0°C. Water and saturated aqueous sodium 
thiosulfate solution were added to the reaction mixture, which was then extracted with ethyl acetate. The organic layer 
was washed with saturated aqueous sodium chloride, and the solvent was evaporated under a reduced pressure. The 
residue was purified by silica gel column chromatography (ethyl acetate : heptane = 2 : 1) to obtain the title compound 
(2.9 g, 57%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 1 .38 (9H, s), 6.85 (1 H, dd, J = 4.8, 7.9 Hz), 7.94 (1 H, brs), 8.1 1 (1 H, dd, J = 1 .7, 
7.9 Hz), 8.46 (1 H, dd, J = 1.7, 4.6 Hz). 

[Manufacturing Example 39-1 -3] N-(3-(4-Bromo-pyrazol-1 -yl)-pyridin-2-yl)-2,2-dimethyl-propionamide 
[0563] 




[0564] To a mixture of N-(3-iodo-pyridin-2-yl)-2,2-dimethyl-propionamide (380 mg, 1 .2 mmol) described in Manufac- 
turing Example 39-1 -2 and toluene (1 0 mL) were added 4-bromopyrazole (1 60 mg, 1 .1 mmol), copper (I) iodide (1 1 mg, 
0.056 mmol), trans-1 ,2-cyclohexanediamine (26 mg, 0.22 mmol) and potassium carbonate (340 mg, 2.5 mmol) at room 
temperature, which was stirred overnight at 1 1 0°C. The reaction mixture was concentrated under a reduced pressure. 
The residue was purified by NH silica gel column chromatography (ethyl acetate : heptane = 2 : 1) to obtain the title 
compound (190 mg, 52%). 

1 H-NMR Spectrum (DMSO-d 6 )S (ppm): 1.10 (9H,s), 7.45(1 H, dd, J = 4.8, 8.1 Hz), 7.84 (1H,s), 8.00(1 H, dd, J = 1.7, 
7.9 Hz), 8.23 (1 H, s), 8.47 (1 H, dd, J = 1.7, 4.8 Hz), 9.83 (1H, brs). 

[Manufacturing Example 39-1-4] 3-(4-Bromo-pyrazol-1-yl)-pyridin-2-ylamine 

[0565] 
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[0566] A mixture of N-(3-(4-bromo-pyrazol-1 -yl)-pyridin-2-yi)-2,2-dimethylpropionamide (380 mg, 1 .2 mmol) described 
in Manufacturing Example 39-1 -3 and aqueous 2.5 N hydrochloric acid solution (2 ml_) was stirred overnight at 1 05°C. 
The reaction mixture was cooled to 0°C, and 5 N sodium hydroxide solution (1 mL) was added. The resulting solids were 
filtered to obtain the title compound (100 mg, 72%). 1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 6.34 (2H, brs), 6.69 (1 H, 
dd, J = 4.8, 7.7 Hz), 7.62 (1 H, dd, J = 1 .7, 7.7 Hz), 7.90 (1 H, s), 8.02 (1 H, dd, J = 1 .7, 4.8 Hz), 8.45 (1 H, s). 
The starting material, (4-benzyloxy-benzyl)-tributyl-stannane, was synthesized as follows. 

[Manufacturing Example 39-2-1] (4-Benzyloxy-benzyl)-tributyt-stannane 

[0567] 



25 




[0568] To a mixture of diisopropylamine (1.1 mL, 7.7 mmol) and tetrahydrofuran (20 mL) was added dropwise n-butyl 
lithium (1 .6 M n-hexane solution, 4.5 mL, 7.1 mmol) at -78°C, which was stirred for 30 minutes at that temperature. 

so Tributyltin hydride (1 .7 mL, 6.5 mmol) was added dropwise to the reaction mixture at the same temperature and then 
stirred for 30 minutes at 0°C. The reaction mixture was cooled to -78°C, and a mixture of 4-benzyloxybenzyl chloride 
(1.5 g, 6.5 mmol) and tetrahydrofuran (10 mL) was added dropwise at that temperature. The reaction mixture was 
gradually warmed to room temperature. The reaction mixture was partitioned into water and n-heptane. The organic 
layer was washed with saturated aqueous sodium chloride, and the solvent was evaporated under a reduced pressure. 

35 The residue was purified by neutral silica gel column chromatography (ethyl acetate : heptane = 1 : 30) to obtain the 
title compound (2.6 g, 83%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 0.77-0.81 (6H, m), 0.86 (9H,t, J = 7.3 Hz), 1.21-1.30 (6H, m), 1.38-1.46 (6H, m), 
2.24.(2H, s), 5.01 (2H, s), 6.80-6.83 (2H, m), 6.88-6.91 (2H, m), 7.29-7.44 (5H, m). 

40 [Example 40] 3-(3-(6-Phenoxy-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 

[0569] 




[0570] To a solution of (2-phenoxy-pyridin-5-yl)-acetohydroximoyl chloride (59.1 mg, 225 ixmol) described in Manu- 
facturing Example 40-1-4 and 3-ethynyl-pyridin-2,6-diamine (20.0 mg, 150 (i.mol) described in Manufacturing Example 
55 13-1 -3 in tetrahydrofuran (1 .3 mL) was added triethylamine (41 .8 \iL, 300 (j.mol) at room temperature, which was stirred 
for 65 minutes at 50°C. The reaction solution was allowed to room temperature and partitioned into water and ethyl 
acetate. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate and filtered. The filtrate was concentrated under a reduced pressure. The residue was purified by 
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NH silica gel column chromatography (ethyl acetate : methanol = 10:1) to obtain the title compound (52 mg, 97%). 
1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 3.93 (2H, s), 5.79 (2H, s), 5.81 (1H, d, J = 8.4 Hz), 6.10 (2H, s), 6.40 (1 H, s), 
6.97 (1 H, d, J = 8.4 Hz), 7.08-7.10 (2H, m), 7.16-7.20 (1H, m), 7.37-7.41 (2H, m), 7.50 (1H, d, J = 8.4 Hz), 7.76 (1 H, 
dd, J = 2.2, 8.4 Hz), 8.1 1 (1 H, d, J = 2.4 Hz). 

The starting material, (2-phenoxy-pyridin-5-yl)-acetohydroximoyl chloride, was synthesized as follows. 
[Manufacturing Example 40-1-1] 5-Bromo-2-phenoxy-pyridine 



[0572] To a solution of phenol (1 .97 g, 20.9 mmol) in N,N-dimethylformamide (100 ml_) was added sodium hydride 
(1 .00 g, 20.9 mmol) at 0°C, which was stirred for 5 minutes at 0°C. 2,5-Dibromopyridine (4.50 g, 19.0 mmol) was then 
added to this reaction solution at 0°C, and stirred for 40 minutes at room temperature. The reaction solution was then 
stirred for further 3 hours at 120°C. After allowing to room temperature, the reaction solution was partitioned into water 
and ethyl acetate. The organic layer was separated, washed with water and saturated aqueous sodium chloride, dried 
over anhydrous magnesium sulfate and filtered. The filtrate was concentrated under a reduced pressure. The residue 
was purified by silica gel column chromatography (heptane : ethyl acetate = 6 : 1) to obtain the title compound (3.85 g, 
81 %). 

1 H-NMR Spectrum (DMSO-d 6 ) 6 (ppm): 7.02 (1 H, dd, J = 0.55, 8.8 Hz), 7.1 1 -7.1 4 (2H, m), 7.1 9-7.23 (1 H, m), 7.38-7.43 
(2H, m), 8.04 (1 H, dd, J = 2.6, 8.8 Hz), 8.25 (1 H, dd, J = 0.55, 2.6 Hz). 

[Manufacturing Example 40-1-2] 6-Phenoxy-pyridine-3-carbaldehyde 



[0574] To a solution of 5-bromo-2-phenoxy-pyridine (3.85 g, 15.4 mmol) described in Manufacturing Example 40-1 -1 
in tetrahydrofuran (60 mL) was added n-butyl lithium (10.6 mL, 1.60 M hexane solution, 16.9 mmol) under nitrogen 
atmosphere at -78°C, which was stirred for 35 minutes at-78°C. N,N-Dimethylformamide (1 .55 mL, 20.0 mmol) was then 
added to this reaction solution at -78°C, which was stirred forfurther 1 0 minutes at room temperature. After allowing to 
room temperature, the reaction solution was partitioned into water and ethyl acetate. The organic layer was separated, 
washed with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate and filtered. The filtrate was 
concentrated under a reduced pressure. The residue was purified by NH silica gel column chromatography (heptane : 
ethyl acetate = 5 : 1) to obtain the title compound (1.12 g, 37%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 7.04 (1 H, d, J = 8.6 Hz), 7.17 (2H, d, J = 7.5 Hz), 7.26-7.31 (1 H, m), 7.44-7.48 
(2H, m), 8.19 (1 H, dd, J = 2.2, 8.6 Hz), 8.63 (1 H, d, J = 2.2 Hz), 9.99 (1 H, s). 

[Manufacturing Example 40-1-3] 5-(2-Nitro-ethyl)-2-phenoxy-pyridine 



[0571] 




[0573] 




[0575] 
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[0576] To a solution of 6-phenoxy-pyridine-3-carbaldehyde (1.12 g, 5.62 mmol) described in Manufacturing Example 
40-1-2 in acetic acid (10 ml_) were added nitromethane (1.52 mL, 28.1 mmol) and ammonium acetate (866 mg, 11.2 
mmol) under nitrogen atmosphere, which was stirred for 3 hours at 100°C. After being cooled to room temperature, the 
reaction solution was partitioned into water and ethyl acetate. The organic layer was separated, washed with saturated 
aqueous sodium chloride, dried over anhydrous magnesium sulfate and filtered. The filtrate was concentrated under a 
reduced pressure. The resulting residue was dissolved in dimethyl sulfoxide (17 mL) and acetic acid (3 mL). Sodium 
borohydride (336 mg, 8.43 mmol) was added to this solution at room temperature while cooling appropriately, and stirred 
for 30 minutes at room temperature. The reaction solution was partitioned by addition of sodium hydrogencarbonate, 
water and ethyl acetate. The organic layer was separated, washed with water and saturated aqueous sodium chloride, 
dried over anhydrous magnesium sulfate and filtered. The filtrate was concentrated under a reduced pressure. The 
residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 3 : 1 ) to obtain the title compound 
(753 mg, 55%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 3.28 (2H, t, J = 7.1 Hz), 4.60 (2H, t, J = 7.1 Hz), 6.88 (1 H, d, J = 8.8 Hz), 7.1 1-7.14 
(2H, m), 7.20-7.24 (1 H, m), 7.39-7.43 (2H, m), 7.55 (1 H, ddd, J = 0.37, 2.6, 8.4 Hz), 8.07 (1 H, d, J = 2.4 Hz). 

[Manufacturing Example 40-1-4] (2-Phenoxy-pyridin-5-yl)-acetohydroximoyl chloride 



[0578] To a solution of 5-(2-nitro-ethyl)-2-phenoxy-pyridine (753 mg, 3.08 mmol) described in Manufacturing Example 
40-1 -3 in methanol (10mL) was added lithium methoxide (234 mg, 6.16 mmol), which was stirred for 90 minutes at room 
temperature. The reaction solution was concentrated under a reduced pressure. The resulting residue was suspended 
in a mixture solution of tetrahydrofuran (10 mL) and methylene chloride (10 mL). Titanium (IV) chloride (745 pi, 6.87 
mmol) was added to the suspension under nitrogen atmosphere at -78"C, and stirred for 1 40 minutes at 0°C. The reaction 
solution was partitioned into water and ethyl acetate at 0°C. The organic layer was separated, washed with saturated 
aqueous sodium chloride, dried over anhydrous magnesium sulfate and filtered. The filtrate was concentrated under a 
reduced pressure to obtain the title compound (785 mg, 97%) as a crude product. 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.81 (2H, s), 6.99 (1H, dd, J = 0.73, 8.4 Hz), 7.09-7.12 (2H, m), 7.17-7.21 (1H, 
m), 7.38-7.42 (2H, m), 7.72 (1 H, dd, J = 2.6, 8.4 Hz), 8.03 (1 H, dd, J = 0.55, 2.6 Hz), 11.8 (1 H, s). 

[Example 41 ] 3-(3-(4-(5-Fluoro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0580] Tetrahydrofuran (10 mL) and 5 N aqueous sodium hydroxide solution (448 |xL, 2.24 mmol) were added to 
4-(5-(2-amino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (600 mg, 2.24 mmol) described in Manufacturing Example 5-1 -1 , 
which was irradiated by ultrasonic wave for 1 minute. The reaction solution was then concentrated under a reduced 
pressure to obtain a white solid. 2-Chloromethyl-5-fluoro-pyridine (359 mg, 2.46 mol) described in Manufacturing Example 
41 -2 and N,N-dimethylformamide (1 0 mL) were added to the resulting white solid and stirred for 1 hour at 60°C. After 
being cooled to room temperature, the reaction solution was partitioned into water and ethyl acetate. The organic layer 
was separated and concentrated under a reduced pressure. The residue was purified by NH silica gel column chroma- 
tography (heptane : ethyl acetate =1 : 1) to obtain the title compound (650 mg, 77%). 



[0577] 




[0579] 
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1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 3.96 (2H, s), 5.15 (2H, s), 6.25 (2H, brs), 6.69 (1 H, dd, J = 4.8, 8.0 Hz), 6.79 
(1 H, s), 6.99 (2H, d, J = 8.4 Hz), 7.25 (2H, d, J = 8.8 Hz), 7.59 (1 H, dd, J = 4.8, 8.8 Hz), 7.76 (1 H, ddd, J = 2.8, 8.8, 
8.8 Hz), 7.86 (1 H, dd, J = 2.0, 7.6 Hz), 8.08 (1 H, dd, J = 2.0, 4.8 Hz), 8.57 (1 H, d, J = 3.2 Hz). 
2-Chloromethyl-5-fluoro-pyridine was synthesized as follows. 

[Manufacturing Example 41-1-1] (5-Fluoro-pyridin-2-yl)-methanol 



[0582] To a solution of 2-bromo-5-fluoropyridine (3.67 g, 20.8 mmol) in toluene (1 00 ml_) was added dropwise n-butyl 
lithium (15.6 mL, 1.6 M hexane solution, 25.0 mmol) under nitrogen atmosphere at-78°C, which was stirred for 30 
minutes. N,N-Dimethylformamide (8.05 mL, 104.0 mmol) was added dropwise to this solution at - 78°C, and stirred for 
20 minutes at 0°C. This reaction solution was vigorously stirred after addition of water and tetrahydrofuran. The organic 
layer was separated, washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium 
sulfate and filtered. Sodium borohydride (1 .58 g, 41 .8 mmol) was added to the filtrate at 0°C, and stirred for 1 hour at 
room temperature. This reaction solution was partitioned by addition of water and tetrahydrofuran. The organic layer 
was separated, washed with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate and filtered. 
The filtrate was concentrated under a reduced pressure. The resulting residue was purified by NH silica gel column 
chromatography (hexane : diethyl ether = 1 : 2) to obtain the title compound (945 mg, 36%).. 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.75 (2H, s), 7.29 (1 H, dd, J = 4.4, 8.8 Hz), 7.43 (1 H, ddd, J = 2.8, 8.4, 8.4 Hz), 
8.42 (1H,d, J = 2.8 Hz). 

[Manufacturing Example 41-1-2] 2-Chloromethyl-5-fluoro-pyridine 



[0584] To a solution of (5-fluoro-pyridin-2-yl)-methanol (945 mg, 7.43 mmol) described in Manufacturing Example 
41-1-1 in methylene chloride (70 mL) was added dropwise thionyl chloride (813 (j,L, 1 1.1 mmol) at room temperature, 
which was stirred for 30 minutes. This reaction solution was partitioned by addition of water, sodium hydrogencarbonate 
and methylene chloride. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate and filtered. The filtrate was concentrated under a reduced pressure. The residue was 
purified by NH silica gel column chromatography (hexane : diethyl ether = 1:1) to obtain the title compound (761.1 mg, 
70%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.67 (2H, s), 7.26-7.51 (2H, m), 8.43 (1 H, d, J = 2.8 Hz). 
[Example 42] 3-(3-(4-(5-Methyl-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0581] 




[0583] 




[0585] 
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[0586] 4-(5-(2-Amino-pyridin-3-yl)isoxazol-3-ylmethyl)-phenol (50 mg, 0.1 9 mmol) described in Manufacturing Exam- 
ple 5-1-1 and the 2-chloromethyl-5-methyl-pyridine (32 mg, 0.23 mmol) described in Manufacturing Example 42-1-2 
were used to obtain the title compound (23 mg, 33%) according to the methods similar to those of Example 1 0. 
1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 2.29 (3H, s), 3.95 (2H, s), 5.11 (2H, s), 6.25 (2H, brs), 6.69 (1 H, dd, J=4.8, 
8.0Hz), 6.79 (1 H, s), 6.97 (2H, d, J=8.4Hz), 7.24 (2H, d, J=8.4Hz), 7.38 (1 H, d, J=8.0Hz), 7.62 (1 H, d, J=8.0Hz), 7.86 
(1 H, dd, J=1 .6, 8.0Hz), 8.08 (1 H, dd, J=1 .6, 4.8Hz), 8.40 (1 H, s). 

[0587] The starting material, 2-chloromethyl-5-methyl-pyridine was synthesized as follows. 
[Manufacturing Example 42-1-1] (5-Methyl-pyridin-2-yl)-methanol 



[0589] The title compound (1.1 g) was obtained according to the method described in Manufacturing Example 11-1-1 
through Manufacturing Example 11-1-3. 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 2.27 (3H, s), 4.45 (2H, d, J=5.6Hz), 5.31 (1 H, t, J=5.6Hz), 7.34 (1 H, d, J=8.0Hz), 
7.59 (1 H, dd, J=1 .6, 8.0Hz), 8.31 (1 H, d, J=1.6Hz). 

[Manufacturing Example 42-1-2] 2-Chloromethyl-5-methyl-pyridine 



[0591] Amixed solution of (5-methyl-pyridine-2-yl)-methanol (500 mg, 4.1 mmol) described in Manufacturing Example 
11-1-1, thionyl chloride (0.59 mL, 8.1 mmol) and methylene chloride (10 mL) was stirred for 5 minutes under reflux. The 
reaction solution was cooled to room temperature and concentrated under a reduced pressure. The resulting residue 
was partitioned into diethyl ether and saturated sodium bicarbonate solution. The organic layer was separated and 
passed through a glass filter lined with silica gel (eluted with ethyl acetate). The eluate was concentrated to obtain the 
title compound (440 mg, 76%) as a crude product. The resulting compound was used in the following reaction without 
further purification. 

[Example 43] 3-(3-(4-(4-Methyl-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0588] 




[0590] 




[0592] 
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^NH 2 



[0593] To atetrahydrofuran (7.00 mL) solution of (4-(4-methyl-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chlo- 
ride (270 mg, 0.930 mmol) described in Manufacturing Example 43-1-5 and 3-ethynyl-pyridin-2-ylamine (40.0 mg, 0.339 
mmol) described in Manufacturing Example 1 -2-3 was added triethylamine (1 89 jxL, 1 .36 mmol) at room temperature, 
which was stirred at room temperature for 4 hours. Water was added to the reaction solution at room temperature, which 
was then extracted with ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium chloride, 
dried over anhydrous magnesium sulfate, and filtered. The filtrate was evaporated under a reduced pressure, and the 
residue was purified by NH silica gel column chromatography (ethyl acetate : heptane =1 : 3 -» 1 : 2) to obtain the title 
compound (28.9 mg, 20.6%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 2.26 (3H, s), 4.03 (2H, s), 5.30 (2H, s), 6.25 (2H, brs), 6.68-6.70 (2H, m), 6.80 
(1 H, s), 6.81-6.82 (1 H, m), 7.32 (2H, d, J=8.0Hz), 7.39 (2H, d, J=8.0Hz), 7.86-7.88 (1 H, m), 8.00-8.02 (1 H, m), 8.08-8.09 
(1 H, m). 

[0594] The starting material, (4-(4-methyl-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride, was synthesized 
as follows. 

[Manufacturing Example 43-1-1] 2-(4-Bromo-benzyloxy)-4-methyl-pyridine 



[0596] To a mixture of 4-bromobenzyl alcohol (4.54 g, 24.3 mmol) and N,N-dimethylformamide (50.0 mL) were added 
sodium hydride (1 .00 g, 25.0 mmol, 60% in oil) was added at 0°C under nitrogen atmosphere, which was stirred for 50 
minutes at room temperature. 2-Fluoro-4-methylpyridine (1 .80 g, 16.2 mmol) was then added thereto at 0°C, and stirred 
for 2 hours and 30 minutes at room temperature. Water was added to the reaction solution at room temperature, which 
was then extracted with ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium chloride, 
and filtered. The filtrate was evaporated under a reduced pressure, and the residue was purified by silica gel column 
chromatography (ethyl acetate : heptane = 1 : 15) to obtain the title compound (2.65 g, 58.8%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 2.28 (3H, s), 5.31 (2H, s), 6.60-6.61 (1 H, m), 6.69 -6.71 (1 H, m), 7.29-7.32 (2H, 
m), 7.46-7.48 (2H, m), 8.00-8.01 (1 H, m). 

[Manufacturing Example 43-1-2] 4-(4-Methyl-pyridin-2-yloxymethyl)-benzaldehyde 



[0595] 




[0597] 



O 
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[0598] To a tetrahydrofuran (150 mL) solution of 2-(4-bromo-benzyloxy)-4-methylpyridine (5.70 g, 20.5 mmol) de- 
scribed in Manufacturing Example 43-1-1 was added dropwise n-butyl lithium (2.67 M n-hexane solution, 9.21 mL, 24.6 
mmol) on a dry ice-ethanol bath (-78°C) under nitrogen atmosphere, which was stirred for 20 minutes at -78°C. N,N- 
dimethylformamide (3.16 mL, 41.0 mmol) was then added dropwise thereto and stirred for 10 minutes at -78°C. The 
5 reaction solution was allowed to room temperature, water was added, and the solution was extracted with ethyl acetate. 
The organic layer was separated and washed with saturated aqueous sodium chloride, and the solvent was evaporated 
under a reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate : heptane = 1 : 
3) to obtain the title compound (2.58 g, 55.4%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 2.31 (3H, s), 5.45 (2H, s), 6.66-6.67 (1 H, m), 6.72-6.74 (1 H, m), 7.58-7.60 (2H, 
J0 m), 7.85-7.88 (2H, m), 8.00-8.01 (1 H, m), 10.0 (1 H, s). 

[Manufacturing Example 43-1-3] 4-Methyl-2-(4-((£)-2-nitro-vinyl)-benzyloxy)-pyridine 

[0599] 

15 



20 




25 

[0600] To an acetic acid (20.0 mL) solution of 4-(4-methyl-pyridin-2-yloxymethyl)-benzaldehyde (2.60 g, 1 1 .5 mmol) 
described in Manufacturing Example 43-1 -2 were added nitromethane (3.50 g, 57.3 mmol) and ammonium acetate (1 .76 
g, 22.9 mmol) at room temperature under nitrogen atmosphere, which was stirred for 4 hours at 100°C. Water and ethyl 
acetate were added to the reaction mixture, and the organic layer was extracted with ethyl acetate. The organic layer 
so was separated, washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, 
and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound (3.40 g) as a crude 
product. 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 2.28 (3H, s), 5.39 (2H, s), 6.75 (1 H, m), 6.84-6.85 (1 H, m), 7.50-7.53 (2H, m), 
7.85-7.87 (2H, m), 8.00-8.02 (1 H, m), 8.13 (1 H, d, J=13.6Hz), 8.23 (1 H, d, J=13.6Hz). 

35 

[Manufacturing Example 43-1-4] 4-Methyl-2-(4-(2-nitro-ethyl)-benzyloxy) pyridine 
[0601] 



-15 




so [0602] To a dimethyl sulfoxide (50 mL) solution of 4-methyl-2-(4-((£)-2-nitro-vinyl)-benzyloxy)-pyridine (3.10 g, 1 1 .5 
mmol) described in Manufacturing Example 43-1-3 and acetic acid (3.10 mL) was added sodium borohydride (733 mg, 
1 8.4 mmol) at room temperature while cooling appropriately under nitrogen atmosphere, which was stirred for 1 0 minutes. 
Water was then added dropwise into the reaction solution at room temperature while cooling appropriately, and the 
reaction mixture was extracted with ethyl acetate. The organic layer was separated, washed with water and saturated 

55 aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a 
reduced pressure, and the residue was purified by NH silica gel column chromatography (ethyl acetate : heptane = 1 : 
5 -> 1 : 2) to obtain the title compound (1.10 g, 35.1 %). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 2.27 (3H, s), 3.22 (2H, t, J=6.8Hz), 4.84 (2H, t, J=6.8Hz), 5.29 (2H, s), 6.69 (1 
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H, s), 6.82 (1 H, d, J=5.2Hz), 7.27 (2H, d, J=8.0Hz), 7.37 (2H, d, J=8.0Hz), 8.02 (1 H, d, J=5.2Hz). 



[Manufacturing Example 43-1-5] (4-(4-Methyl-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride 



[0603] 



HO' 



CI- 




,0- 




[0604] To a methanol (10.0 mL) solution of 4-methyl-2-(4-(2-nitro-ethyl)-benzyloxy)pyridine (500 mg, 1.84 mmol) 
described in Manufacturing Example 43-1-4 was added lithium methoxide (140 mg, 3.68 mmol) under nitrogen atmos- 
phere at room temperature, which was stirred for 30 minutes at room temperature. The solvent was evaporated from 
the reaction mixture under a reduced pressure, and anhydrous dich loromethane (1 0.0 mL) and anhydrous tetrahydrofuran 
(5.00 mL) were added to the residue. Titanium (IV) chloride (667 |iL, 6.07 mmol) was added dropwise into the reaction 
mixture on a dry ice-ethanol bath (-78°C), and stirred for 45 minutes at 0°C and then for 60 minutes at room temperature. 
Water, ethyl acetate and tetrahydrofuran were added to the reaction mixture on an ice bath (0°C), and the organic layer 
was separated. The organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 
(409 mg, 76.5%) as a crude product. 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 2.27 (3H, s), 3.82 (2H, s), 5.31 (2H, s), 6.70 (1 H, s), 6.82-6.84 (1 H, m), 7.24-7.28 
(2H, m), 7.39-7.41 (2H, m), 8.01 -8.03 (1 H, m), 1 1 .73 (1 H, s). 

[Example 44] 3-(3-(4-(5-Methyl-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0606] To a tetrahydrofuran (7.00 mL) solution of (4-(5-methyl-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chlo- 
ride (246 mg, 0.846 mmol) described in Manufacturing Example 44-1 -5 and 3-ethynyl-pyridin-2-ylamine (40.0 mg, 0.339 
mmol) described in Manufacturing Example 1 -2-3 was added triethylamine (1 89 |o,L, 1 .36 mmol) at room temperature, 
which was stirred for 4 hours at room temperature. Water was added to the reaction solution at room temperature, which 
was then extracted with ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium chloride, 
dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the 
residue was purified by NH silica gel column chromatography (ethyl acetate : heptane = 1 :3— >1 :2) to obtain the title 
compound (21.3 mg, 16.9%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 2.20 (3H, s), 4.03 (2H, s), 5.28 (2H, s), 6.25 (2H, brs), 6.68-6.71 (1 H, m), 
6.75-6.77 (1 H, m), 6.81 (1 H, s), 7.32 (2H, d, J=8.0Hz), 7.39 (2H, d, J=8.0Hz), 7.52-7.55 (1H, m), 7.85-7.88 (1 H, m), 
7.96-7.97 (1 H, m), 8.08-8.09 (1H, m). 

[0607] The starting material, (4-(5-methyl-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride, was synthesized 
as follows. 

[Manufacturing Example 44-1-1] 2-(4-Bromo-benzyloxy)-5-methyl-pyridine 



[0605] 




[0608] 
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[0609] To an N,N-dimethylformamide (50.0 mL) solution of 4-bromobenzyl alcohol (4.54 g, 24.3 mmol) was added 

sodium hydride (1 .00 g, 25.0 mmol, 60% in oil) under nitrogen atmosphere at 0°C, which was stirred for 30 minutes at 
10 room temperature. 2-Fluoro-5-methylpyridine (1 .80 g, 1 6.2 mmol) was then added at 0°C, and stirred for 5 hours at room 

temperature. Water was added to the reaction solution at room temperature, which was then extracted with ethyl acetate. 

The organic layer was separated and washed with saturated aqueous sodium chloride, and the solvent was evaporated 

under a reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate: heptane = 1 : 

15) to obtain the title compound (2.67 g, 59.3%). 
is 1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 2.24 (3H, s), 5.30 (2H, s), 6.70-6.72 (1 H, m), 7.31 -7.33(2H, m), 7.38-7.41 (1 H, 

m), 7.46-7.49 (2H, m), 7.95-7.96 (1 H, m). 

[Manufacturing Example 44-1-2] 4-(5-Methyl-pyridin-2-yloxymethyl)-benzaldehyde 
20 [0610] 



O 



25 




so [0611] To a tetrahydrofuran (150 mL) solution of 2-(4-bromo-benzyloxy)-5-methylpyridine (5.40 g, 19.4 mmol) de- 
scribed in Manufacturing Example 44-1-1 was added dropwise n-butyl lithium (2.67 M n-hexane solution, 8.73 mL, 23.3 
mmol) on a dry ice-ethanol bath (-78°C) under nitrogen atmosphere, which was stirred for 30 minutes at -78°C. N,N- 
dimethylformamide (2.99 mL, 38.8 mmol) was then added dropwise thereto, which was stirred for 1 0 minutes at -78°C. 
Water was added to the reaction solution at room temperature, which was then extracted with ethyl acetate. The organic 

35 layer was separated and washed with saturated aqueous sodium chloride, and the solvent was evaporated under a 
reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate : heptane = 1 : 6->1 : 
4) to obtain the title compound (2.93 g, 66.5%). 

1 H-NMR Spectrum (CDCI g ) S (ppm): 2.21 (3H, s),5.41 (2H, s), 6.72-6.74 (1H, m), 7.38-7.41 (1H, m), 7.56-7.58 (2H, m), 
7.83-7.85 (2H, m), 7.92-7.93 (1 H, m), 9.97 (1 H, s). 

40 

[Manufacturing Example 44-1-3] 5-Methyl-2-(4-((£)-2-nitro-vinyl)-benzyloxy)-pyridine 
[0612] 

45 



50 




[0613] To an acetic acid (20.0 mL) solution of 4-(5-methyl-pyridin-2-yloxymethyl)-benzaldehyde (2.93 g, 12.9 mmol) 
55 described in Manufacturing Example 44-1 -2 were added nitromethane (3.94 g, 64.5 mmol) and ammonium acetate (1.99 
g, 25.8 mmol) under nitrogen atmosphere at room temperature, which was stirred for 2.5 hours at 100°C. Water and 
ethyl acetate were added to the reaction mixture, and the organic layer was extracted with ethyl acetate. This organic 
layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and 
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filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound (3.50 g) as a crude product. 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 2.21 (3H, s), 5.38 (2H, s), 6.82-6.84 (1 H, m), 7.52 (2H, d, J=8.4Hz), 7.55-7.58 
(1 H, m), 7.85 (2H, d, J=8.4Hz), 7.96-7.97 (1 H, m), 8.12 (1 H, d, J=13.6Hz), 8.22 (1 H, d, J=13.6Hz). 

[Manufacturing Example 44-1-4] 5-Methyl-2-(4-(2-nitro-ethyl)-benzyloxy)pyridine 

[0614] 




[0615] To a dimethyl sulfoxide (40.0 mL) solution of 5-methyl-2-(4-((£)-2-nitro-vinyl)-benzyloxy)-pyridine (3.50 g, 12.9 
mmol) described in Manufacturing Example 44-1-3 and acetic acid (3.50 mL) was added sodium borohydride (822 mg, 
20.6 mmol) at room temperature while cooling appropriately under nitrogen atmosphere, which was stirred for 1 0 minutes. 
Water was then added dropwise at room temperature while cooling appropriately. The reaction mixture was extracted 
with ethyl acetate, and the organic layer was washed with water and saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue 
was purified by NH silica gel column chromatography (ethyl acetate : heptane = 1 :4) to obtain the title compound (1 .91 
g, 54.3%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 2.20 (3H, s), 3.22 (2H, t, J=6.8Hz), 4.84 (2H, t, J=6.8Hz), 5.27 (2H, s), 6.76-6.78 
(1 H, m), 7.27 (2H, d, J=8.0Hz), 7.36 (2H, d, J=8.0Hz), 7.52-7.55 (1 H, m), 7.97-7.98 (1 H, m). 

[Manufacturing Example 44-1-5] (4-(5-Methyl-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride 

[0616] 




[0617] To a methanol (30 mL) solution of 5-methyl-2-(4-(2-nitro-ethyl)-benzyloxy)pyridine (700 mg, 2.57 mmol) de- 
scribed in Manufacturing Example 44-1 -4 was added lithium methoxide (1 95 mg, 5.14 mmol) under nitrogen atmosphere 
at room temperature, which was stirred for 30 minutes at room temperature. The reaction mixture was concentrated 
under a reduced pressure, and anhydrous dichloromethane (15.0 mL) and anhydrous tetrahydrofuran (10.0 mL) were 
added to the residue. Titanium (IV) chloride (904 p,L, 8.22 mmol) was added dropwise into the reaction mixture on a dry 
ice-ethanol bath (-78°C), and then stirred for 45 minutes at room temperature. Water, ethyl acetate and tetrahydrofuran 
were added to the reaction mixture, and the organic layer was extracted with ethyl acetate. This organic layer was 
washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The 
filtrate was concentrated under a reduced pressure to obtain the title compound (569 mg, 76.1 %) as a raw product. 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 2.02 (3H, s), 3.81 (2H, s), 5.29 (2H, s), 6.77-6.79 (1 H, m), 7.25 (2H, d, J=8.0Hz), 
7.40 (2H, d, J=8.0Hz), 7.53-7.55 (1 H, m), 7.97-7.98 (1 H, m), 1 1.74 (1H, s). 

[Example 45] 3-(3-(4-(6-Fluoro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0618] 
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10 [0619] Tetrahydrofuran (3 ml_) and a 5 N aqueous sodium hydroxide solution (36.0 |xL, 0.18 mmol) were added to 
4-(5-(2-amino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (48. 2 mg, 0.1 8 mmol) described in Manufacturing Example 5-1-1, 
which was dissolved by irradating ultrasonic wave for 1 minute. The reaction mixture was then concentrated under a 
reduced pressure to obtain a white solid. This solid and 2-chloromethyl-6-fluoro-pyridine (63.2 mg, 0.43 mmol) described 
in Manufacturing Example 45-1-1 were added to N,N-dimethylformamide (3 ml_), which was stirred for 3 hours at room 

is temperature. This mixture was partitioned into water and ethyl acetate. This organic layer was separated, washed with 
water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was 
concentrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography (heptane : 
ethyl acetate = 1 : 1) to obtain the title compound (47.9 mg, 59%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.00(2H, s), 5.12(21-1, s), 5.40(21-1, brs), 6.24(1 H, s), 6.71 (1 H, dd, J=4.8, 7.6Hz), 
20 6.87(1 H, dd, J=2.8, 8.4Hz), 6.94(2H, d, J=8.8Hz), 7.21 (2H, d, J=8.8Hz), 7.40-7.42(1 H, m), 7.70(1 H, dd, J=1 .6, 7.6Hz), 
7.81 (1H, q, J=8.0Hz), 8.13(1 H, dd, J=1.6, 4.8Hz) 

[0620] The starting material, 2-chloromethyl-6-fluoro-pyridine, was synthesized as follows. 
[Manufacturing Example 45-1-1] 2-Chloromethyl-6-fluoro-pyridine 

25 

[0621] 



30 




[0622] A mixture of 2-fluoro-6-methylpyridine (420 mg, 3.78 mmol), N-chlorosuccimide (757 mg, 5.67 mmol), 75% 
35 benzoyl peroxide (24.4 mg, 0.08 mmol), acetic acid (13 julL, 0.23 mmol) and acetonitrile (7 mL) was stirred for 3 hours 
and 30 minutes at 85°C. The reaction mixture was cooled, water was added, and the mixture was extracted with ethyl 
acetate. The organic layer was separated, washed with water and saturated aqueous sodium chloride, dried over an- 
hydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was 
purified by silica gel column chromatography (heptane : ethyl acetate =1 : 1 ) to obtain the title compound (370.7 mg, 67%). 
40 1H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.75 (2H, s), 7.17-7.19 (1 H, m), 7.50-7.52 (1H, m), 8.02-8.08 (1H, m). 

[Example 46] 3-(3-(4-(5-Methyl-furan-2-ylmethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[0623] 

45 



50 




55 [0624] To a mixture of (4-(5-methyl-furan-2-ylmethyl)-phenyl)-acetohydroximoyl chloride (11 mg, 0.043 mmol) de- 
scribed in Manufacturing Example 46-1-6 and tetrahydrofuran (1 mL) were added 3-ethynyl-pyridin-2-ylamine (4.0 mg, 
0.034 mmol) described in Manufacturing Example 1-2-3 and triethylamine (9.4 pL, 0.068 mmol) at room temperature, 
which was stirred for 3 hours at 45°C. The reaction mixture was cooled to room temperature, water was added at the 
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same temperature, and the mixture was extracted with ethyl acetate. The organic layer was washed with saturated 
aqueous sodium chloride, and was concentrated under a reduced pressure. The residue was purified by NH silica gel 
column chromatography (ethyl acetate : heptane = 2 : 3) to obtain the title compound (5.1 mg, 41 %). 
1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 2.24 (3H, s), 3.90 (2H, s), 4.03 (2H, s), 5.53 (2H, br s), 5.85 (1 H, d, J=2.9Hz), 5.87 
5 (1 H, d, J=2.9Hz), 6.26 (1 H, s), 6.72 (1 H, dd, J=5.0, 7.6Hz), 7.21 (4H, s), 7.72 (1 H, d, J=7.7Hz), 8.12 (1 H, dd, J=1 .8, 
4.9Hz). 

[0625] The starting material, (4-(5-methyl-furan-2-ylmethyl)-phenyl)-acetohydroximoyl chloride, was synthesized as 
follows. 

10 [Manufacturing Example 46-1-1] 4-(Hydroxy-(5-methyl-furan-2-yl)-methyl)-benzaldehyde 
[0626] 



15 




20 

[0627] To a mixture of 4-bromobenzaldehyde dimethyl acetal (2.0 ml_, 1 2 mmol) and diethyl ether (30 ml_) was added 
dropwise n-butyl lithium (1 .6 M n-hexane solution, 9.0 mL, 14 mmol) at -78°C, which was stirred for 20 minutes at the 
same temperature. 5-Methylfurfural (1 .3 mL, 13 mmol) was added dropwise into the reaction mixture at that temperature, 
and stirred for 50 minutes at 0°C. Water and ethyl acetate were added to extract the reaction mixture. The organic layer 
25 was washed with saturated aqueous sodium chloride, and the solvent was evaporated under a reduced pressure. The 
residue was purified by silica gel column chromatography (ethyl acetate : heptane = 1 : 2) to obtain the title compound 
(320mg, 12%). 

1 H-NMR Spectrum (CDCI 3 ) 6 (ppm): 2.28 (3H, s), 5.86 (1 H, s), 5.90-5.91 (1 H, m), 5.98 (1 H, d, J=3.1 Hz), 7.63 (2H, d, 
J=8.4Hz), 7.89 (2H, d, J=7.9Hz), 10.03 (1 H, s). 

30 

[Manufacturing Example 46-1-2] (4-(5-Methyl-furan-2-ylmethyl)-phenyl)-methanol 
[0628] 

35 




[0629] To a mixture of lithium aluminumhydride (230 mg, 4.9 mmol) and tetrahydrofuran (15 mL) was added aluminum 
chloride (830 mg, 6.2 mmol) at 0°C, which was stirred for 30 minutes at room temperature. A mixture of 4-(hydroxy-(5- 
methyl-furan-2-yl)-methyl)-benzaldehyde (320 mg, 1.5 mmol) described in Manufacturing Example 46-1-1 and tetrahy- 
drofuran (5 mL) was added dropwise into the reaction mixture at 0°C, and stirred for 2 hours at that temperature. A 28% 
45 aqueous ammonia solution was added dropwise into the reaction mixture at the same temperature to quench the excess 
reagent. The reaction mixture was cooled to room temperature, and filtered by being passed through a Celite bed. The 
filtrate was concentrated under a reduced pressure to obtain the title compound (330 mg) as a crude product. This 
compound was used in the following reaction without further purification. 

so [Manufacturing Example 46-1 -3] 4-(5-Methyl-furan-2-ylmethyl)-benzaldehyde 



[0630] 
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[0631] To a mixture of (4-(5-methyl-furan-2-ylmethyl)-phenyl)-methanol (350 mg, 1 .7 mmol) obtained in Manufacturing 
Example 46-1-2 and dichloromethane (10 mL) was added manganese dioxide (3.5 g, 4.7 mmol) at room temperature, 
which was stirred overnight at room temperature. The reaction mixture was filtered through a Celite pad, and the filtrate 
was concentrated under a reduced pressure. The residue was purified by silica gel column chromatography (ethyl 
acetate : heptane = 1:6) to obtain the title compound (100 mg, 29%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 2.25 (3H, s), 3.99 (2H, s), 5.876-5.883 (1 H, m), 5.92 (1 H, d, J=3.1 Hz), 7.39-7.41 
(2H, m), 7.81-7.83 (2H, m), 9.99 (1 H, s). 

[Manufacturing Example 46-1-4] 2-Methyl-5-(4-((E)-2-nitro-vinyl)-benzyl)-furan 



[0633] To a mixture of 4-(5-methyl-furan-2-ylmethyl)-benzaldehyde (96 mg, 0.48 mmol) described in Manufacturing 
Example 46-1-3 and acetic acid (1 mL) were added nitromethane (190 \iL, 3.6 mmol) and ammonium acetate (1 10 mg, 
1.4 mmol) at room temperature, which was stirred for 3 hours at 100°C. The reaction mixture was cooled to room 
temperature, and extracted by addition of water and ethyl acetate. The organic layer was washed with saturated aqueous 
sodium chloride and dried over magnesium sulfate. The filtrate was concentrated under a reduced pressure to obtain 
the title compound (120 mg) as a crude product. This compound was used in the following reaction without further 
purification. 

[Manufacturing Example 46-1-5] 2-Methyl-5-(4-(2-nitro-etftyl)-benzyl)-furan 



[0635] To a mixture of 2-methyl-5-(4-((£)-2-nitro-vinyl)-benzyl)-furan (120 mg) described in Manufacturing Example 
46-1 -4, acetic acid (0.2 mL) and dimethyl sulfoxide (3.4 mL) was added sodium borohydride (29 mg, 0.77 mmol) at room 
temperature while cooling appropriately, which was stirred for 20 minutes at room temperature. Water was added to the 
reaction mixture, which was then extracted with ethyl acetate. The organic layer was washed with saturated aqueous 
sodium chloride, and was concentrated under a reduced pressure. The residue was purified by neutral silica gel column 
chromatography (ethyl acetate : heptane =1 : 5) to obtain the title compound (90 mg, 77%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 2.24 (3H, s), 3.30 (2H, t, J=7.4Hz), 3.89 (2H, s), 4.59 (2H, t, J=7.4Hz), 5.85-5.87 
(2H, m), 7.14 (2H, d, J=8.2Hz), 7.20 (2H, d, J=8.2Hz). 

[Manufacturing Example 46-1-6] (4-(5-Methyl-furan-2-ylmethyl)-phenyl)-acetohydroximoyl chloride 



[0632] 




[0634] 




[0636] 
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[0637] To a mixture of 2-methyl-5-(4-(2-nitro-ethyl)-benzyl)-furan (87 mg, 0.36 mmol) described in Manufacturing 
Example 46-1-5 and methanol (2 mL) was added lithium methoxide (27 mg, 0.71 mmol) at room temperature, which 
was stirred for 15 minutes at room temperature. The solvent was evaporated from the reaction mixture under a reduced 
pressure. Titanium (IV) chloride (86 |xL, 0.78 mmol) was added at-78°C to a mixture of the resulting residue, methylene 
chloride (2 mL) and tetrahydrofuran (1 mL), which was stirred for 1 hour at 0°C. The reaction mixture was cooled to 
-78°C, water (5 mL) was added, and the temperature was gradually raised to room temperature. The reaction mixture 
was extracted by addition of ethyl acetate and water. The organic layer was washed with water until the pH became 
about 5. The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous magnesium 
sulfate. Thereafter, the organic layer was filtered and the filtrate was concentrated under a reduced pressure to obtain 
the title compound (79 mg, 84%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 2.24 (3H, s), 3.78 (2H, s), 3.90 (2H, s), 5.85-5.87 (2H, m), 7.20 (4H, s). 
[Example 47] 3-(3-(4-(2-Methyl-pyridin-4-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0639] (2-Methyl-pyridin-4-yl)-methanol (40 mg, 0.33 mmol) described in Manufacturing Example 47-1 -1 , thionyl chlo- 
ride (0.047 ml, 0.65 mmol) and methylene chloride (4.0 ml) were stirred for 5 minutes at 60°C. Sodium bicarbonate 
solution and ethyl acetate were added to separate the reaction solution, and the ethyl acetate layer was dried over 
sodium sulfate. The solvent was evaporated under a reduced pressure to obtain 4-chloromethyl-2-methyl-pyridine as a 
crude product. 

[0640] 2 N Sodium hydroxide (0.16 ml, 0.32 mmol) and methanol (1.0 ml) were added to dissolve 4-(5-(2-amino- 
pyridin-3-yl)isoxazol-3-ylmethyl)-phenol (87 mg, 0.33 mmol) described in Manufacturing Example 5-1-1, and methanol 
was evaporated under a reduced pressure. A solution of the aforementioned 4-chloromethyl-2-methylpyridine dissolved 
in dimethylformamide (1 ml) was added to the residue and stirred for 1 0 minutes at 60°C. Water and ethyl acetate were 
added to separate the reaction solution, the resulting ethyl acetate layer was concentrated under a reduced pressure, 
and the residue was purified by silica gel column chromatography (heptane : ethyl acetate = 1 : 3) to obtain the title 
compound (47 mg, 39%). 

1 H-NMR Spectrum (DMSO-d 6 ) 6 (ppm): 2.47 (3H, s), 3.96 (2H, s), 5.11 (2H, s), 6.25 (2H, brs), 6.68 (1 H, dd, J=4.8, 
8.0Hz), 6.79 (1 H, s), 6.97 (2H, d, J=8.8Hz), 7.20 (1 H, d, J=5.2Hz), 7.25 (2H, d, J=8.8Hz), 7.29 (1 H, s), 7.86 (1 H, dd, 
J=2.0, 8.0Hz), 8.08 (1 H, dd, J=2.0, 4.8Hz), 8.42 (1 H, d, J=5.2Hz). 

[0641] The starting material, (2-methyl-pyridin-4-yl)-methanol, was synthesized as follows. 
[Manufacturing Example 47-1-1] (2-Methyl-pyridin-4-yl)-methanol 



[0638] 




"N NH 2 



[0642] 
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[0643] The title compound (200 mg) was obtained according to the methods similar to those of Manufacturing Example 
11-1-1 through Manufacturing Example 11-1-3. 

1 H-NMR Spectrum (DMSO-d s ) S (ppm): 2.45 (3H, s), 4.50 (2H, d, J=5.2 Hz), 5.37 (1 H, t, J=5.2Hz), 7.1 1 (1 H, d, J=5.2Hz), 
7.18(1 H,s), 8.36(1 H,d, J=5.2Hz). 

[Example 48] 3-(3-(5-p-Tolyloxy-thiophen-2-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0645] To a tetrahydrofuran (7.00 mL) solution of (5-p-tolyloxy-thiophen-2-yl)-acetohydroximoyl chloride (191 mg, 
0.678 mmol) described in Manufacturing Example 48-1-5 and 3-ethynyl-pyridin-2-ylamine (40.0 mg, 0.339 mmol) de- 
scribed in Manufacturing Example 1-2-3 was added triethylamine (189 (xL, 1.36 mmol) at room temperature, which was 
stirred for 4 hours at room temperature. Water was added to the reaction solution at room temperature, which was then 
extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over 
anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by 
NH silica gel column chromatography (ethyl acetate : heptane = 1 : 3) to obtain the title compound (2.03 mg, 1 .65%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 2.32 (3H, s), 4.14 (2H, s), 5.54 (2H, brs), 6.34-6.36 (1 H, m), 6.40 (1 H, s), 
6.62-6.63 (1 H, m), 6.73-6.77 (1 H, m), 6.98-7.00 (2H, m), 7.11-7.13 (2H, m), 7.76-7.78 (1 H, m), 8.14-8.15 (1H, m). 
[0646] The starting material, (5-p-tolyloxy-thiophen-2-yl)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 48-1-1] 5-p-Tolyloxy-thiophene-2-carbonitrile 



[0648] To a dimethyl sulfoxide (100 mL) solution of 5-nitro-2-thiophenecarbonitrile (6.30 g, 40.9 mmol) were added 
p-cresol (8.85 g, 81 .8 mmol) and potassium carbonate (1 1 .3 g, 81 .8 mmol) under nitrogen atmosphere, which was stirred 
for 5 hours at 60°C. The reaction solution was cooled to room temperature, and extracted with ethyl acetate after addition 
of water. The organic layer was washed with saturated aqueous sodium chloride, and the solvent was evaporated under 
a reduced pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : heptane = 1:3 
-» 2 : 1) to obtain the title compound (6.95 g, 78.9%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 2.36 (3H, s), 6.38-6.39 (1 H, m), 7.03-7.05 (2H, m), 7.18 -7.20(2H, m), 7.33-7.35 
(1 H, m). 

[Manufacturing Example 48-1-2] 5-p-Tolyloxy-thiophene-2-carbaldehyde 



[0644] 




[0647] 




[0649] 
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[0650] To a tetrahydrofuran (70.0 mL) solution of 5-p-tolyloxy-thiophene-2-carbonitrile (2.00 g, 9.29. mmol) described 
in Manufacturing Example 48-1-1 was added dropwise diisobutyl aluminum hydride (0.97 M n-hexane solution, 23.9 mL, 
23.2 mmol) on a dry ice-ethanol bath (-78°C) under nitrogen atmosphere, which was stirred for 3 hours at room temper- 
ature. The reaction mixture was cooled to room temperature and extracted with ethyl acetate after addition of water. 
The organic layer was washed with saturated aqueous sodium chloride, and the solvent was evaporated under a reduced 
pressure. The residue was purified by silica gel column chromatography (ethyl acetate : heptane = 1 : 5) to obtain the 
title compound (958 mg, 47.2%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 2.36 (3H, s),6.47 (1 H, d, J=4.0Hz), 7.08 (2H, d, J=8.0Hz), 7.20 (2H, d, J=8.0Hz), 
7.51 (1 H, d, J=4.0Hz), 9.69 (1 H, s). 

[Manufacturing Example 48-1-3] 2-((E)-2-Nitro-vinyl)-5-p-tolyloxy-thiophene 
[0651] 



O" 




[0652] To an acetic acid (20.0 mL) solution of 5-p-tolyloxy-thiophene-2-carbaldehyde (2.30 g, 1 0.5 mmol) described 
in Manufacturing Example 48-1 -2 were added nitromethane (3.20 g, 52.5 mmol) and ammonium acetate (1 .62 g, 21 .0 
mmol) under nitrogen atmosphere at room temperature, which was stirred for 2. 5 hours at 1 00°C. Water and ethyl acetate 
were added to the reaction mixture, and the organic layer was extracted with ethyl acetate. The organic layer was washed 
with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The solvent 
was evaporated from the filtrate under a reduced pressure to obtain the title compound (2.50 g) as a crude product. 
1 H-NMR Spectrum (DMSO-d 6 ) 6 (ppm): 2.32 (3H, s), 6.70 (1 H, d, J=4.0Hz), 7.1 8 (2H, d, J=8.0Hz), 7.28 (2H, d, J=8.0Hz), 
7.65 (1 H, d, J=4.0Hz), 7.78 (1H, d, J=1 2.8Hz), 8.26 (1H, d, J=12.8Hz). 

[Manufacturing Example 48-1-4] 2-(2-Nitro-ethyl)-5-p-tolyloxy-thiophene 

[0653] 



o" 




[0654] To a dimethyl sulfoxide (30.0 mL) solution of 2-((E)-2-nitro-vinyl)-5-p-tolyloxythiophene (2.50 g, 9.57 mmol) 
described in Manufacturing Example 48-1-3 and acetic acid (2.50 mL) was added sodium borohydride (610 mg, 20.6 
mmol) at room temperature while cooling appropriately under nitrogen atmosphere, which was stirred for 30 minutes at 
room temperature. Water was then added dropwise at room temperature while cooling appropriately. The reaction 
mixture was extracted with ethyl acetate, and the organic layer was washed with water and saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure 
and the residue was purified by NH silica gel column chromatography (ethyl acetate : heptane =1 : 4) to obtain the title 
compound (1.20 g, 47.6%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 2.28 (3H, s), 3.33 (2H, t, J=6.4Hz), 4.81 (2H, t, J=6.4Hz), 6.45-6.46 (1 H, m), 
6.67-6.69 (1 H, m), 6.98-7.00 (2H, m), 7.17-7.20 (2H, m). 
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[Manufacturing Example 48-1-5] (5-p-Tolyloxy-thiophen-2-yl)-acetohydroximoyl chloride 



[0655] 




[0656] To a methanol (10.0 mL) solution of 2-(2-nitro-ethyl)-5-p-tolyloxy-thiophene (500 mg, 1 .90 mmol) described in 
Manufacturing Example 48-1-4 was added lithium methoxide (144 mg, 3.80 mmol) under nitrogen atmosphere at room 
temperature, which was stirred for 30 minutes at room temperature. The solvent was evaporated from the reaction 
mixture under a reduced pressure, and anhydrous dichloromethane (15.0 ml) and anhydrous tetrahydrofuran (10.0 ml) 
were added to the residue. Titanium (IV) chloride (668 |xL, 6.08 mmol) was added dropwise into the reaction mixture on 
a dry ice-ethanol bath (-78°C), which was stirred for 45 minutes at room temperature. Water, ethyl acetate and tetrahy- 
drofuran were added to the reaction mixture on an ice bath (0°C), and the organic layer was extracted with ethyl acetate. 
This organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium 
sulfate, and filtered. The solvent was evaporated from the filtrate under a reduced pressure to obtain the title compound 
(530 mg, 99.0%) as a crude product. 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 2.28 (3H, s), 3.94 (2H, s), 6.48 (1 H, d, J=3.6Hz), 6.74 (1 H, d, J=3.6Hz), 7.00-7.01 
(2H,m), 7.18-7.20 (2H,m), 11.81 (1 H, s). 

[Example 49] 3-(3-(4-(Pyridin-4-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0658] Tetrahydrofuran (3 mL) and a 5 N aqueous sodium hydroxide solution (22.4 |aL, 0.1 1 mmol) were added to 

4- (5-(2-amino-pyridine-3-yl)-isoxazole-3-ylmethyl)-phenol (30 mg, 0.11 mmol) described in Manufacturing Example 

5- 1-1, which was dissolved by irradiating ultrasonic wave for 1 minute. Next, the reaction solution was concentrated 
under a reduced pressure to obtain a white solid. The resulting solid was suspended in N, N-dimethylformamide (1 mL). 
Meanwhile, THF(390 jlL) and 1 N aqueous sodium hydroxide solution (390 ^L, 0.39 mmol) were added to 4-(chlorome- 
thyl)pyridine hydrochloride (50 mg, 0.39 mmol) and then the ogranic layer was separated to obtain a tetrahydrofuran 
solution of 4-(chloromethyl)pyridine. A part of this tetrahydrofuran solution (224 (j,L) was added to the N, N-dimethylfor- 
mamide suspension prepared above, and stirred for 45 minutes at 60°C. This mixture was cooled to room temperature, 
and partitioned into water and ethyl acetate. The organic layer was separated, washed with water and saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure and the residue was purified by NH silica gel column chromatography (ethyl acetate) to obtain the title compound 
(36 mg, 88%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 3.97 (2H, s), 5.17 (2H, s), 6.26 (2H, brs), 6.68-6.72 (1 H, m), 6.79 (1 H, s), 6.99 
(2H, d, J=8.4Hz), 7.26 (2H, d, J=8.8Hz), 7.43 (2H, d, J=6.0Hz), 7.87 (1 H, dd, J=2.0,7.6Hz), 8.09 (1 H, dd, J=1 .6, 4.8Hz), 
8.57 (2H,dd, J=1.6, 4.4Hz). 

[Example 50] 3-(3-(4-(Pyridin-3-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0657] 




NH 2 
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[0660] Tetrahydrofuran (3 ml_) and a 5 N aqueous sodium hydroxide solution (22.4 |xL, 0.1 1 mmol) were added to 
4-(5-(2-amino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (30 mg, 0.11 mmol) described in Manufacturing Example 5-1-1, 
which was dissolved by irradiating ultrasonic wave for 1 minute. Next, the reaction solution was concentrated under a 
reduced pressure to obtain a white solid. This solid was suspended in N,N-dimethylformamide (1 ml_). Meanwhile, THF 
(390 |il_) and a 1 N aqueous sodium hydroxide solution (390 |xL, 0.39 mmol) were added to 3-(chloromethyl)pyridine 
hydrochloride (50 mg, 0.39 mmol), and then the organic layer was separated to obtain a tetrahydrofuran solution of 
3-(chloromethyl)pyridine. A part of this tetrahydrofuran solution (224 |xL) was added to the N,N-dimethylformamide 
suspension prepared above, and stirred for 45 minutes at 60°C. This mixture was cooled to room temperature, and 
partitioned into water and ethyl acetate. The organic layer was separated, washed with water and saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure and the residue was purified by NH silica gel column chromatography (ethyl acetate) to obtain the title compound 
(40.0 mg, 100%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 3.97 (2H, s), 5.13 (2H, s), 6.25 (2H, brs), 6.67-6.74 (1 H, m), 6.78 (1 H, s), 7.00 
(2H, d, J=8.0Hz), 7.26 (2H, d, J=7.6Hz), 7.40-7.46 (1 H, m), 7.85-7.89 (2H, m), 8.09 (1 H, d, J=4.8Hz), 8.54 (1 H, d, 
J=4.8Hz), 8.65-8.68 (1H,m). 

[Example 51 ] 3-(3-(4-(4-Chloro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0662] Tetrahydrofuran (3 mL) and 5 N aqueous sodium hydroxide solution (22.4 \iL, 0.11 mmol) were added to 

4- (5-(2-amino-pyridine-3-yl)-isoxazole-3-ylmethyl)-phenol (30 mg, 0.11 mmol) described in Manufacturing Example 

5- 1-1, which was dissolved by irradiating ultrasonic wave for 1 minute. Next, the reaction solution was concentrated 
under a reduced pressure to obtain a white solid. An N,N-dimethylformamide (1 mL) solution of 4-chloro-2-chloromethyl- 
pyridine (36.3 mg, 0.22 mmol) described in Manufacturing Example 51-1-2 was added to a suspension of this solid and 
N,N-dimethylformamide (1 mL), which was stirred for 1 hour at 60°C. This mixture was cooled to room temperature, and 
partitioned into water and ethyl acetate. The organic layer was separated, washed with water and saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 1 : 1) to obtain 
the title compound (36.6 mg, 83%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.97 (2H, s), 5.17 (2H, s), 6.26 (2H, brs), 6.69 (1 H, dd, J=4.8, 8.0Hz), 6.79 (1 
H, s), 7.01 (2H, d, J=8.4Hz), 7.26 (2H, d, J=8.4Hz), 7.51 (1 H, dd, J=2.0, 5.2Hz), 7.61 (1 H, d, J=2.0Hz), 7.87 (1 H, dd, 
J=2.0, 8.0Hz), 8.08 (1 H, dd, J=2.0, 4.8Hz), 8.55 (1 H, d, J=5.2Hz). 

[0663] The starting material, 4-chloro-2-chloromethyl-pyridine, was synthesized as follows. 
[Manufacturing Example 51-1-1] (4-Chloro-pyridin-2-yl)-methanol 



[0661] 




'NH 2 



[0664] 
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[0665] To a mixture of 4-chloro-2-picoline (1 .0 g, 7.84 mmol) and dichloromethane (20 mL), was added m-chloroper- 
benzoic acid (3.5 g, 13.2 mmol) on an ice bath, which was stirred for 1 .5 hours at room temperature. Water and sodium 

10 hydrogencarbonate were added to the reaction, followed by extraction with dichloromethane. The organic layer was 
separated, washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and 
filtered. Acetic anhydride (20 mL) was added to the residue obtained by concentrating the filtrate under a reduced 
pressure, and this was stirred fori hourat100°C.The reaction mixture was cooled to room temperature and concentrated 
under a reduced pressure. A 5 N aqueous sodium hydroxide solution (1 .57 mL, 7.87 mmol) was added to a mixture of 

is the resulting residue and methanol (20 mL) on an ice bath, which was stirred for 1 .5 hours at room temperature. Water 
was added to the mixture, which was then extracted with ethyl acetate. The organic layer was separated, washed with 
water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was 
concentrated under a reduced pressure and the residue was purified by NH silica gel column chromatography (heptane : 
ethyl acetate = 6 : 1) to obtain the title compound (200 mg, 18%). 

20 1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.76(2H, s), 7.23-7.25(11-1, m), 7.32-7.33(1 H, m), 8.46(1 H, d, J=5.6Hz). 

[Manufacturing Example 51-1-2] 4-Chloro-2-chloromethyl-pyridine 
[0666] 

25 



30 




CI 



[0667] To a mixture of (4-chloro-pyridine-2-yl)-methanol (146.8 mg, 1.0 mmol) described in Manufacturing Example 
35 51-1-1 and toluene (3 mL) was added thionyl chloride (112 |xL, 1 .53 mmol) on an ice bath, which was stirred for 1 hour 
15 minutes at room temperature. Saturated aqueous sodium hydrogencarbonate solution was added to the reaction 
mixture, which was then extracted with ethyl acetate. The organic layer was separated, washed with water and saturated 
aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a 
reduced pressure and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 4 : 
40 1) to obtain the title compound (97 mg, 59%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.65(2H, s), 7.26-7.28(1 H, m), 7.52-7.53(1 H, m), 8.48(1 H, d, J=5.6Hz). 

[Example 52] 3-(3-(4-(6-Chloro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

45 [0668] 



50 




55 

[0669] Tetrahydrofuran (3 mL) and a 5 N aqueous sodium hydroxide solution (22.4 |iL, 0.1 1 mmol) were added to 
4-(5-(2-amino-pyridin-3-yl)isoxazol-3-ylmethyl)-phenol (30 mg, 0.11 mmol) described in Manufacturing Example 5-1-1, 
which was dissolved by irradiating ultrasonic wave for 1 minute. The reaction solution was then concentrated under a 
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reduced pressure to obtain a white solid. An N,N-dimethylformamide (1 mL) solution of 2-chloro-6-chloromethyl-pyridine 
(36.3 mg, 0.22 mmol) described in Manufacturing Example 52-1-2 was added to a suspension of this solid and N,N- 
dimethylformamide (1 mL), which was stirred for 1 hour at 60°C. This mixture was cooled to room temperature and 
partitioned into water and ethyl acetate. The organic layer was separated, washed with water and saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure, and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 1 : 1 ) to obtain 
the title compound (39.5 mg, 90%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.97(2H, s), 5.15(2H, s), 6.26(2H, brs), 6.69(1 H, dd, J=4.8, 8.0Hz), 6.79(1 H, 
s), 6.99(2H, d, J=8.4Hz), 7.26(2H, d, J=8.4Hz), 7.46-7.52(2H, m), 7.85-7.92(2H, m), 8.08(1 H, dd, J=2.0, 4.8Hz). 
[0670] The starting material, 2-chloro-6-chloromethyl-pyridine, was synthesized as follows. 

[Manufacturing Example 52-1-1] (6-Chloro-pyridin-2-yl)-methanol. 



[0672] To a mixture of 2-chloro-6-methylpyridine (1 .0 g, 7.84 mmol) and dichloromethane (20 mL) was added m-chlo- 
roperbenzoic acid (3.5 g, 13.2 mmol) on an ice bath, which was stirred for 1 .5 hours at 40°C. Water and sodium hydro- 
gencarbonate were added to the reaction mixture, which was then extracted with dichloromethane. The organic layer 
was separated, washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, 
and filtered. The filtrate was concentrated under a reduced pressure. Acetic anhydride (20 mL) was added to the resulting 
residue and stirred for 1 hour at 1 00°C. The reaction mixture was cooled to room temperature and concentrated under 
a reduced pressure. A 5 N aqueous sodium hydroxide solution (4mL, 20.1 mmol) was added to a mixture of the resulting 
residue and methanol (20 mL) on an ice bath, which was stirred for 30 minutes. Water was added to this mixture, which 
was then extracted with ethyl acetate. The organic layer was separated, washed with water and saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure, and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 3 : 1 ) to obtain 
the title compound (200.0 mg, 1 8%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.08(1 H, brs), 4.75(2H, d, J=5.2Hz), 7.23-7.27(2H, m), 7.64-7.69(1 H, m). 
[Manufacturing Example 52-1-2] 2-Chloro-6-chloromethyl-pyridine 



[0674] To a mixture of (6-chloro-pyridine-2-yl)-methanol (200 mg, 1.39 mmol) described in Manufacturing Example 
52-1-1 and toluene (3 mL) was added thionyl chloride (152 (jiL, 2.09 mmol) on an ice bath, which was stirred for 2 hours 
at room temperature. Saturated aqueous sodium hydrogencarbonate solution was added to the reaction mixture, which 
was then extracted with ethyl acetate. The organic layer was separated, washed with water and saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure, and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 4 : 1 ) to obtain 
the title compound (1 63.2 mg, 73%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 4.64(2H, s), 7.29(1 H, d, J=8.0Hz), 7.44(1 H, d, J=7.6Hz), 7.70(1 H, dd, J=7.6, 8.0Hz). 



[0671] 




[0673] 
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[Example 53]3-(3-(6-Phenoxy-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0675] 




~NH 2 



[0676] To a tetrahydrofuran (2 ml_) solution of (2-phenoxy-pyridin-5-yl)-acetohydroximoyl chloride (100 mg, 0.381 
mmol) described in Manufacturing Example 40-1-4 and 3-ethynyl-pyridin-2-ylamine (30 mg, 0.25 mmol) described in 
Manufacturing Example 1-2-3 was added triethylamine (71 |iL, 0.51 mmol) under nitrogen atmosphere, which was stirred 
for 3 hours at 50°C. Water was added to the reaction mixture at room temperature, which was then extracted with ethyl 
acetate. The organic layer was separated, washed with water and saturated aqueous sodium chloride, dried over an- 
hydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was 
purified by silica gel column chromatography (ethyl acetate : methanol = 1 0 : 1 ) to obtain the title compound (27 mg, 31 %). 
1 H-NMR Spectrum (DMSO-d 6 ) S (ppm):4.02(2H, s), 6.26(2H, s), 6.68(1 H, dd, J=4.8, 7.7Hz), 6.83(1 H, s), 6.98(1 H, d, 
J=8.6Hz), 7.09(2H, d, J=7.5Hz), 7.1 8(1 H, t, J=7.3Hz), 7.39(2H, t, J=7.5Hz), 7.79(1 H, dd, J=2.4, 8.6Hz), 7.85(1 H, dd, 
J=1.8, 7.7Hz), 8.07(1 H, dd, J=1 .8, 4.8Hz), 8.13(1H, d, J=2.2Hz). 

[Example 54] 3-(3-(6-Phenoxymethyl-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0678] To a tetrahydrofuran (3.00 mL) solution of (6-phenoxymethyl-pyridin-3-yl)-acetohydroximoyl chloride (80.0 mg, 
0.289 mmol) described in Manufacturing Example 54-1-6 and 3-ethynyl-pyridin-2-ylamine (20.0 mg, 0.169 mmol) de- 
scribed in Manufacturing Example 1-2-3 was added triethylamine (70.7 (j,L, 0.507 mmol) at room temperature, which 
was stirred for 4.5 hours at 60°C. Water was added to the reaction solution at room temperature, which was then extracted 
with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous 
magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica 
gel column chromatography (ethyl acetate : heptane = 2:1 -» 3 : 1) to obtain the title compound (4.00 mg, 6.60%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.10 (2H, s), 5.16 (2H, s), 6.27 (2H, brs), 6.69-6.72 (1 H, m), 6.87 (1 H, s), 
6.92-7.02 (3H, m), 7.27-7.31 (2H, m), 7.48-7.50 (1 H, m), 7.78-7.79 (1 H, m), 7.86-7.88 (1 H, m), 8.09-8.10 (1 H, m), 
8.58-8.59 (1 H, m). 

[0679] The starting material, (6-phenoxymethyl-pyridin-3-yl)-acetohydroximoyl chloride, was synthesized as follows. 
[Manufacturing Example 54-1-1] (5-Bromo-pyridin-2-yl)-methanol 



[0677] 




~NH 2 



[0680] 
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[0681] To a toluene (300 mL) solution of 2,5-dibromopyridine (10.0 g, 42.2 mmol) was added dropwise n-butyl lithium 
(2.55 M n-hexane solution, 18.2 mL, 46.4 mmol) on a dry ice-ethanol bath (-78°C) under nitrogen atmosphere, which 
was stirred for 2 hours at -78°C. N,N-dimethylformamide (3.7 g, 50.6 mmol) was then added dropwise thereto and stirred 
for 1 0 minutes at -78°C. Sodium borohydride (3.20 g, 84.4 mmol) and methanol (20.0 mL) were then added and stirred 
5 for 30 minutes at room temperature. Water was added to the reaction solution, which was then extracted with ethyl 
acetate. The organic layer was washed with saturated aqueous sodium chloride, and the solvent was evaporated under 
a reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate : heptane = 1 : 1 -> 
2 : 1) to obtain the title compound (4.70 g, 59.2%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.54 (2H, d, J=5.6Hz), 5.28 (1 H, t, J=5.6Hz), 7.44-7.47 (1 H, m), 8.03-8.05 (1 
J0 H, m), 8.59-8.60 (1 H, m). 

[Manufacturing Example 54-1-2] 5-Bromo-2-chloromethyl-pyridine hydrochloride 

[0682] 

15 




20 H-CI 



[0683] To a toluene (20.0 mL) solution of (5-bromo-pyridin-2-yl)-methanol (4.70g, 25.0 mmol) described in Manufac- 
turing Example 54-1-1 was added dropwise thionyl chloride (3.65 mL, 50.1 mmol) on an ice bath (0°C) under nitrogen 
25 atmosphere, which was stirred for 5 minutes at room temperature. The solvent was evaporated under a reduced pressure 
to obtain the title compound (4.2 g, 69.2%) as a hydrochloride. 

1 H-NMR Spectrum (DMSO-d 6 ) 3 (ppm): 4.78 (2H, s), 7.55-7.57 (1H, m), 8.11-8.14 (1H, m), 8.70-8.72 (1H, m). 
[Manufacturing Example 54-1-3] 5-Bromo-2-phenoxymethyl-pyridine 

30 

[0684] 



[0685] To an N,N-dimethylformamide (40.0 mL) solution of phenol (1 .92 g, 20.4 mmol) was added sodium hydride 
(815 mg, 20.4 mmol, 60% in oil) on an ice bath (0°C) under nitrogen atmosphere, which was stirred for 20 minutes at 
room temperature. To the reaction solution was then added a mixture of 5-bromo-2-chloromethyl-pyridine hydrochloride 
(4.2 g, 20.4 mmol) described in Manufacturing Example 54-1-2 and triethylamine (28.0 mL, 20.4 mmol), which was 
stirred first for 30 minutes at room temperature and then for 45 minutes at 70°C. Water and ethyl acetate were added 
to the reaction mixture, and the organic layer was extracted with ethyl acetate. This organic layer was washed with water 
and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The solvent was evap- 
orated from the filtrate under a reduced pressure, and the residue was purified by silica gel column chromatography 
(ethyl acetate : heptane = 1 : 10) to obtain the title compound (4.40 g, 81.7%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 5.15 (2H, s), 6.95-6.99 (3H, m), 7.25-7.31 (2H, m), 7.42-7.45 (1 H, m), 7.81-7.83 
(1 H, m), 8.64-8.65 (1 H, m). 

[Manufacturing Example 54-1-4] 6-Phenoxymethyl-pyridin-3-carbaldehyde 
[0686] 
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[0687] To a diethyl ether (250 mL) solution of 5-bromo-2-phenoxymethyl-pyridine (4.40 g, 16.6 mmol) described in 
10 Manufacturing Example 54-1-3 was added n-butyl lithium (2.55 M n-hexane solution, 8.46 mL, 21.6 mmol) on a dry ice- 
ethanol bath (-78°C) under nitrogen atmosphere, which was stirred for 40 minutes at -78°C. N,N-dimethylformamide 
(1 .93 mL, 25.0 mmol) was then added dropwise thereto and stirred for 20 minutes at -78°C. The reaction solution was 
allowed to room temperature, water was added, and the solution was extracted with ethyl acetate. The organic layer 
was washed with saturated aqueous sodium chloride, and the solvent was evaporated under a reduced pressure. The 
is residue was purified by silica gel column chromatography (ethyl acetate : heptane =1 : 3) to obtain the title compound 
(1 .00 g, 28.3%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 5.29 (2H, s), 6.97-7.01 (3H, m), 7.29-7.33 (2H, m), 7.73-7.75 (1 H, m), 8.19-8.21 
(1H,m), 9.05-9.06 (1H,m), 10.12(1 H, s). 

20 [Manufacturing Example 54-1 -5] 5-(2-Nitro-ethyl)-2-phenoxymethyl-pyridine 



25 



30 




[0689] To a methanol (20.0 mL) solution of 6-phenoxymethyl-pyridine-3-carbaldehyde (1 .00 g, 4.69 mmol) described 
in Manufacturing Example 54-1-4 was added lithium methoxide (21.4 mg, 0.56 mmol) under nitrogen atmosphere at 

35 room temperature. This was cooled to 0°C, and nitromethane (372 mg, 6.1 0 mmol) and lithium methoxide (1 93 mg, 5.07 
mmol) were added and stirred for 10 minutes at room temperature. The reaction solution was then concentrated under 
a reduced pressure. Tetrahydrofuran (20.0 mL) was added to the residue, and then acetic anhydride (6.24 g, 61.1 mmol) 
and triethylamine (1 .42 mL, 1 0.2 mmol) were added and stirred for 1 hour at 70°C. Water and ethyl acetate were added 
to the reaction mixture, and the organic layer was extracted with ethyl acetate. This organic layer was washed with water 

40 and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate; and filtered. The solvent was evap- 
orated from the filtrate under a reduced pressure. Methanol (20.0 mL) was added to the residue, and sodium borohydride 
(263 mg, 6.96 mmol) was then added on an ice bath (0°C). Following 5 minutes of stirring at 0°C, water was added 
dropwise at 0°C. The reaction mixture was extracted with ethyl acetate, and the organic layer was washed with water 
and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The solvent was evap- 

45 orated from the filtrate under a reduced pressure, and the residue was purified by NH silica gel column chromatography 
(ethyl acetate : heptane = 1 : 1) to obtain the title compound (170 mg, 14.2%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 3.25 (2H, t, J=6.8Hz), 4.91 (2H, t, J=6.8Hz), 5.14 (2H, s), 6.93-6.97 (1 H, m), 
7.00-7.02 (2H, m), 7.27-7.31 (2H, m), 7.46-7.48 (1 H, m), 7.75-7.78 (1 H, m), 8.49-8.50 (1 H, m). 

so [Manufacturing Example 54-1 -6] (6-Phenoxymethyl-pyridin-3-yl)-acetohydroximoyl 

[0690] chloride 



55 
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CI 




HO' 



[0691] To amethanol (7.00 mL) solution of 5-(2-nitro-ethyl)-2-phenoxymethyl-pyridine (1 70 mg, 0.658 mmol) described 
in Manufacturing Example 54-1-5 was added lithium methoxide (50.0 mg, 1.32 mmol) under nitrogen atmosphere at 
room temperature, which was stirred for 30 minutes at room temperature. The solvent was evaporated from the reaction 
mixture under a reduced pressure, and anhydrous dichloromethane (10.0 ml) and anhydrous tetrahydrofuran (5.00 ml) 
were added to the residue. Titanium (IV) chloride (231 pi, 2.1 1 mmol) was added dropwise into the reaction mixture on 
a dry ice-ethanol bath (-78°C), which was stirred for 30 minutes at room temperature. Water, ethyl acetate and tetrahy- 
drofuran were added to the reaction mixture on an ice bath (0°C), and the organic layer was extracted with ethyl acetate. 
This organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium 
sulfate, and filtered. The solvent was evaporated from the filtrate under a reduced pressure to obtain the title compound 
(1 69 mg, 92.8%) as a crude product. 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 3.90 (2H, s), 5.17 (2H, s), 6.93-6.97 (1 H, m), 7.01-7.03 (2H, m), 7.27-7.30 (2H, 
m), 7.49-7.51 (1 H, m), 7.72-7.74 (1 H, m), 8.49-8.50 (1 H, m), 11.83 (1 H, s). 

[Example 55] 3-(3-(4-(6-Fluoro-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0693] To a tetrahydrofuran (3 mL) solution of (4-(6-fluoro-pyridin-2-yloxymethyl)-phenyl) acetohydroximoyl chloride 
(200 mg, 0.679 mmol) described in Manufacturing Example 55-1 -5 and 3-ethynyl-pyridin-2-ylamine (50 mg, 0.423 mmol) 
described in Manufacturing Example 1-2-3 was added triethylamine (237 (j.L, 1.7 mmol) at room temperature, which 
was stirred for 2 hours at 50°C. Water was added to the reaction solution at room temperature, which was then extracted 
with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous 
magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica 
gel column chromatography (heptane : ethyl acetate = 4:1 -> 2 : 1) to obtain the title compound (59 mg, 23%). 
1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 4.07(2H, s), 5.32(2H, s),5.64(2H, brs), 6.27(1 H, s), 6.47-6.50(1 H, m), 6.64-6.67 
(1 H, m), 6.71-6.74(1 H, m), 7.30(2H, d, J=8.4Hz), 7.43(2H, d, J=8.4Hz), 7.63-7.69(1 H, m), 7.72-7.75(1 H, m), 8.1 1-8.12 
(1H, m). 

[0694] The starting material, (4-(6-fluoro-pyridin-2-yloxymethyl)-phenyl) acetohydroximoyl chloride, was synthesized 
as follows. 

[Manufacturing Example 55-1-1] 4-(6-Fluoro-pyridin-2-yloxymethyl)-benzonitrile 



[0692] 




F 



[0695] 




F 



[0696] To an N,N-dimethylformamide (50 mL) solution of 2,6-difluoropyridine (5 g, 43.4 mmol) and 4-(hydroxymethyl) 
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benzonitrile (8.67 g, 65.1 mmol) was added sodium hydride (2.56 g, 65.1 mmol, 60% in oil) at room temperature. This 
mixture was stirred for 4 hours at 70°C. This mixture was partitioned into ethyl acetate and water. The organic layer was 
separated, washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
under a reduced pressure, and the residue was purified by NH-silica gel column chromatography (heptane : ethyl acetate 
= 10 : 1 - 4 : 1) to obtain the title compound (5.99 g, 61 %). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 5.41 (2H, s), 6.74-6.77(1 H, m), 6.87-6.89(1 H, m), 7.63-7.66(2H, m), 7.85-7.88(2H, 
m), 7.90-7.96(1 H, m). 

[Manufacturing Example 55-1-2] 4-(6-Fluoro-pyridin-2-yloxymethyl)-benzaldehyde 
[0697] 




[0698] To a toluene (41 mL) solution of 4-(6-fluoro-pyridin-2-yloxymethyl)-benzonitrile (5.99 g, 26.2 mmol) described 
in Manufacturing Example 55-1-1 was added diisobutyl aluminum hydride (1.01 M toluene solution, 39.3 mmol) under 
nitrogen atmosphere at -70°C to -78°C. This mixture was stirred for 2 hours at room temperature. This mixture was 
partitioned into ethyl acetate and 20% aqueous Rochelle salt solution. After removal of insoluble matter by filtrating 
through a Celite bed, the filtrate was partitioned. The organic tayer was separated, washed with saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure, and the residue was purified by silica gel column chromatography (heptane : ethyl acetate =10:1-4 : 1) to 
obtain the title compound (4.57 g, 75%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 5.43(2H, s), 6.50-6.53(1 H, m), 6.70-6.72(1 H, m), 7.60-7.62(2H, m), 7.66-7.72(1 H, 
m), 7.88-7.91 (2H, m), 10.0(1 H, s). 

[Manufacturing Example 55-1-3] 2-Fluoro-6-(4-(£)-2-nitro-vinyl)-benzyloxy)-pyridine 
[0699] 




[0700] A mixture of 4-(6-fluoro-pyridin-2-yloxymethyl)-benzaldehyde (4.57 g, 1 9.8 mmol) described in Manufacturing 
Example 55-1-2, nitromethane (2.13 mL, 39.6 mmol), ammonium acetate (2.29 g, 29.7 mmol) and acetic acid (45.7 mL) 
was stirred for 19 hours at 100°C. This mixture was cooled to room temperature and concentrated under a reduced 
pressure. The residue was dissolved in ethyl acetate, washed with water and saturated aqueous sodium chloride, dried 
over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue 
was purified by silica gel column chromatography (heptane : ethyl acetate = 4 : 1) to obtain the title compound (3.44 g, 
63%). 

1 H-NMR Spectrum (CDCI 3 ) 6 (ppm): 5.39(2H, s), 6.50-6.53(1 H, m), 6.68-6.71 (1 H, m), 7.52-7.61 (5H, m), 7.66-7.72(1 
H, m), 8.03-8.99 (1 H, m). 

[Manufacturing Example 55-1-4] 2-Fluoro-6-(4-(2-nitro-ethyl)-benzyloxy)-pyridine 
[0701] 



137 



EP 1 944 303 A1 




[0702] To a dimethyl sulfoxide (58.5 mL) solution of 2-fluoro-6-(4-(£)-2-nitro-vinyl)-benzyloxy)-pyridine (3.44 g, 12.5 
mmol) described in Manufacturing Example 55-1-3 and acetic acid (3.44 mL) was added sodium borohydride (757 mg, 

10 20 mmol) at room temperature while cooling appropriately. This mixture was stirred for 4 hours at room temperature. 
This mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed with saturated 
aquesous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under 
a reduced pressure, and the residue was purified by silica gel column chromatography (heptane : ethyl acetate = 10 : 
1 - 4 : 1 ) to obtain the title compound (1 .6 g, 46%). 

15 1 H-NMR Spectrum (CDCI 3 ) S (ppm): 3.31 -3.35(2H, m), 4.60-4.63(2H, m), 5.31 (2H, s), 6.48-6.50(1 H, m), 6.64-6.67(1 H, 
m), 7.22-7.24(2H, m), 7.41-7.43(2H, m), 7.63-7.69(1 H, m). 

[Manufacturing Example 55-1-5] (4-(6-Fluoro-pyridin-2-yloxymethyl)-phenyl) acetohydroximoyl chloride 
20 [0703] 




[0704] To a methanol (20 mL) solution of 2-fluoro-6-(4-(2-nitro-ethyl)-benzyloxy)-pyridine (1 .6 g, 5.79 mmol) described 
jo in Manufacturing Example 55-1 -4 was added lithium methoxide (449 mg, 11.6 mmol). This mixture was stirred for 1 hour 
at room temperature. The mixture was concentrated under a reduced pressure, water in the residue was azeotropically 
distilled with toluene, and this residue was diluted with methylene chloride (24 mL) and tetrahydrofuran (12 mL). This 
was cooled to -78°C, and titanium (IV) tetrachloride (2.04 mL, 18.5 mmol) was added dropwise into the suspension. 
This mixture was stirred for 2 hours at room temperature. This mixture was cooled to -78°C, and partitioned into ethyl 
35 acetate and ice water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue 
was triturated in ethyl acetate. The solid was collected and dried under reduced pressure to obtain the title compound 
(1 .36 g, 80%). This compound was used in the following reaction without further purification. 

40 [Example 56] 3-(3-4-(5-Fluoro-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[0705] 



50 




[0706] To a tetrahydrofuran (5 mL) solution of ((4-(5-fluoro-pyridin-2-yloxymethyl)-phenyl)acetohydroximoyl chloride 
(800 mg, 2.72 mmol) described in Manufacturing example 56-1-5 and 3-ethynyl-pyridin-2-ylamine (200 mg, 1 .69 mmol) 
55 described in Manufacturing Example 1-2-3 was added triethylamine (948 (jlL, 6.8 mmol) at room temperature, which 
was stirred for 4 hours at 50°C. Water was added to the reaction solution at room temperature, which was then extracted 
with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous 
magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica 
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gel column chromatography (heptane : ethyl acetate = 4:1 - 2 : 1) to obtain the title compound (214 mg, 21 %). 
1 H-NMR Spectrum (CDCI 3 ) S (ppm): 4.08(2H, s), 5.08(2H, s), 5.54(2H, brs), 6.27(1 H, s), 6.71-6.74(1 H, m), 7.13-7.16 
(1 H, m), 7.31 -7.39(5H, m), 7.71-7.73(1 H, m), 8.1 1-8.14(2H, m). 

[0707] The starting material, (4-(5-fluoro-pyridin-2-yioxymethyl)-phenyl) acetohydroximoyl chloride, was synthesized 
as follows. 

[Manufacturing Example 56-1-1] 4-(5-Fluoro-pyridin-2-yloxymethyl)-benzonitrile 
[0708] 




[0709] To an N,N-dimethylformamide (50 mL) solution of 2-bromo-5-fluoropyridine (5 g, 28.4 mmol) and 4-(hydroxyme- 
thyl)-benzonitrile (5.67 g, 42.4 mmol) was added sodium hydride (1.7 g, 42.4 mmol, 60% in oil) at room temperature. 
The mixture was stirred for 3 hours at 70°C. The mixture was partitioned into ethyl acetate and water. The organic layer 
was separated, washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
under a reduced pressure, and the residue was purified by NH-silica gel column chromatography (heptane : ethyl acetate 
=4:1-2:1-1 1:1- ethyl acetate) to obtain the title compound (5.5 g, 85%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 5.15(21-1, s), 7.14-7.17(1 H, m), 7.39-7.41 (1 H, m), 7.53-7.55(2H, m), 7.70-7.72(2H, 
m), 8.12-8.13(1 H, m). 

[Manufacturing Example 56-1-2] 4-(5-Fluoro-pyridin-2-yloxymethyl)benzaldehyde 
[0710] 




[0711] To a toluene solution (37 mL) of 4-(5-fluoro-pyridin-2-yloxymethyl)-benzonitrile (5.5 g, 24.1 mmol) described 
in Manufacturing Example 56-1 -1 was added diisobutyl aluminum hydride (35.8 mL, 1 .01 M toluene solution, 36.2 mmol) 
under nitrogen atmosphere at -70°C to -78°C. This mixture was stirred for 3 hours at room temperature. This mixture 
was partitioned into ethyl acetate and 20% aqueous Rochelle salt solution. After removal of insoluble matter by filtrating 
through a Celite pad, the filtrate was partitioned. The organic layer was separated, washed with saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure, and the residue was purified by silica gel column chromatography (heptane : ethyl acetate = 4:1 - 2 : 1) to 
obtain the title compound (2.71 g, 49%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 5.31-5.33(21-1, m), 7.46-7.50(11-1, m), 7.57-7.59(1 H, m), 7.64-7.69(2H, m), 
7.88-7.96(2H, m), 8.21-8.22(1 H, m), 10.0(1 H, s). 

[Manufacturing Example 56-1-3] 5-Fluoro-2-(4-((£)-nitro-vinyl)-benzyloxy)-pyridine 
[0712] 




[0713] A mixture of 4-(5-fluoro-pyridin-2-yloxymethyl)benzaldehyde (2.71 g, 1 1 .7 mmol) described in Manufacturing 
Example 56-1-2, nitromethane (1.26 mL, 23.4 mmol), ammonium acetate (1.35 g, 17.6 mmol) and acetic acid (30 mL) 
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was stirred for 1 0 hours at 1 00°C. This mixture was cooled to room temperature, concentrated under a reduced pressure, 
and diluted with ethyl acetate. The organic layer was washed with water, dried over anhydrous magnesium sulfate, and 
filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound (2.9 g). 
[0714] This compound was used in the following reaction without being purified. 

[Manufacturing Example 56-1-4] (5-Fluoro-2-(4-(2-nitro-ethyl)-benzyloxy)-pyridine 

[0715] 




0 



[0716] To a dimethyl sulfoxide (49 mL) solution of 5-fluoro-2-(4-((£)-nitro-vinyl)-benzyloxy)-pyridine (2.9 g, 1 0.6 mmol) 
described in Manufacturing Example 56-1 -3 and acetic acid (2.9 mL) was added sodium borohydride (642 mg, 17 mmol) 
at room temperature while cooling appropriately. This mixture was stirred for 1 hour at room temperature. This mixture 
was partitioned into ethyl acetate and water. The organic layer was separated, washed with saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, 
and the residue was purified by NH-silica gel column chromatography (heptane : ethyl acetate = 10 : 1) to obtain the 
title compound (1.63 g, 56%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 3.21-3.25(21-1, m), 4.83-4.87(21-1, m), 5.15(21-1, s), 7.31 (2H, d, J=8Hz), 7.40(2H, 
d, J=8Hz), 7.44-7.48(1 H, m), 7.54-7.57(1 H, m), 8.1 8-8.1 9(1 H, m). 

[Manufacturing Example 56-1-5] (4-(5-Fluoro-pyridin-2-yloxymethyl)-phenyl) acetohydroximoyl chloride 
[0717] 

N 

ho' 

[071 8] To a methanol (20 mL) solution of (5-fluoro-2-(4-(2-nitro-ethyl)-benzyloxy)-pyridine (1 .63 g, 5.9 mmol) described 
in Manufacturing Example 56-1-4 was added lithium methoxide (448 mg, 11.8 mmol). This mixture was stirred for 2 
hours at room temperature. This mixture was concentrated under a reduced pressure, water in the residue was azeo- 
tropically distilled with toluene, and the residue was diluted with methylene chloride (24 mL) and tetrahydrofuran (12 
mL). This was cooled to -78°C, and titanium (IV) tetrachloride (2.07 mL, 18.9 mmol) was added dropwise into the 
suspension. This mixture was stirred for 2 hours at room temperature. This mixture was cooled to -78°C and partitioned 
into ethyl acetate and ice water. The organic layer was separated, washed with saturated aqueous sodium chloride, 
dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the 
residue was pulverized in ethyl acetate. This solid was collected and dried under a reduced pressure to obtain the title 
compound (1.75 g). 

[0719] This compound was used in the following reaction without further purification. 
[Example 57] 3-(3-(1 -Benzyl-1 H-pyrrol-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 
[0720] 



140 



EP 1 944 303 A1 




[0721] The title compound (27 mg, 7.3%) was obtained according to the methods similar to those of Example 3 using 

3-ethynyl-pyridin-2-ylamine (74 mg, 0.56 mmol) described in Manufacturing Example 1 -2-3 and (1 -benzyl-1 H-pyrrol-3- 

yl)-acetohydroximoyl chloride (280 mg, 1.1 mmol) described in Manufacturing Example 57-1 -3. 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 3.78 (2H, s), 5.03 (2H, s), 5.99 (1H, d, J=2.0Hz), 6.24 (2H, brs), 6.68-6.80 (4H, 

m), 7.18 (2H, d, J=8.4Hz), 7.23-7.36 (3H, m), 7.87 (1 H, dd, J=2.0, 8.0Hz), 8.08 (1 H, dd, J=2.0, 4.8Hz). 

[0722] The starting material, (1 -benzyl-1 H-pyrrol-3-yl) acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 57-1-1] 1-Benzyl-3-((£)-2-nitro-vinyl)-1 H-pyrrole 

[0723] 




[0724] The title compound (3.0 g, 85%) was obtained according to the methods similar to those of Manufacturing 
Example 3-1-3 using 1 -benzyl-1 H-pyrrole-3-carbaldehyde (2.9 g, 15 mmol). 

1 H-NMR Spectrum (DMSO-d 6 ) 6 (ppm): 5.16 (2H, s), 6.60-6.63 (1 H, m), 6.99 (1 H, dd, J=2.0, 2.0Hz), 7.22-7.40 (5H, 
m), 7.60 (1 H, dd, J=2.0, 2.0Hz), 7.80 (1 H, d, J=13.2Hz), 8.03 (1 H, d, J=13.2Hz). 

[Manufacturing Example 57-1-2] 1-Benzyl-3-(2-nitro-ethyl)-1 H-pyrrole 

[0725] 




[0726] The title compound (2.3 g, 75%) was obtained according to the methods similar to those of Manufacturing 
Example 3-1-4 using the 1-benzyl-3-((E)-2-nitrovinyl)-1 H-pyrrole (3.0 g, 13 mmol) described in Manufacturing Example 
57-1-1. 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 3.00 (2H, d, J=6.8Hz), 4.67 (2H, d, J=6.8Hz), 5.01 (2H, s), 5.92 (1 H, dd, J=2.0, 
2.0Hz), 6.66 (1 H, dd, J=2.0, 2.0Hz), 6.73 (1 H, dd, J=2.0, 2.0Hz), 7.13-7.17 (2H, m), 7.23-7.35 (3H, m). 

[Manufacturing Example 57-1-3] (1 -Benzyl-1 H-pyrrol-3-yl) acetohydroximoyl chloride 

[0727] 
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[0728] The title compound (550 mg, 51 %) was obtained according to the methods similar to those of Manufacturing 
Example 3-1 -5 using the 1 -benzyl-3-(2-nitro-ethyl)-1 H-pyrrole (280 mg, 1.1 mmol) described in Manufacturing Example 
57-1-2. 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 3.57 (2H, s), 5.03 (2H, s), 5.97 (1 H, dd, J=2.0, 2.0Hz), 6.77 (1 H, dd, J=2.0, 
2.0Hz), 6.79 (1 H, dd, J=2.0, 2.0Hz), 7.15-7.22 (2H, m), 7.23-7.40 (3H, m), 1 1 .46 (1 H, s). 

[Example 58]3-(3-(6-(4-Fluoro-benzyloxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[0729] 




[0730] To atetrahydrofuran (10.0mL) solution of (6-(4-fluoro-benzyloxy)-pyridin-3-yl)-acetohydroximoyl chloride (150 
mg, 0.508 mmol) described in Manufacturing Example 58-1-5 and 3-ethynyl-pyridin-2-ylamine (30.0 mg, 0.254 mmol) 
described in Manufacturing Example 1 -2-3 was added triethylamine (1 06 |xL, 0.762 mmol) at room temperature, which 
was stirred for 4 hours at 60°C. Water was added to the reaction solution at room temperature, which was then extracted 
with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous 
magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica 
gel column chromatography (ethyl acetate : heptane =1 : 2) to obtain the title compound (21 .2 mg, 22.2%). 
1 H-NMR Spectrum (DMSO-d e ) 5 (ppm): 4.00 (2H, s), 5.3.1 (2H, s), 6.27 (2H, brs), 6.68-6.71 (1 H, m), 6.83 (1 H, s), 
6.84-6.86 (1 H, m), 7.17-7.22 (2H, m), 7.47-7.51 (2H, m), 7.67-7.70 (1 H, m), 7.86-7.88 (1H, m), 8.08-8.10 (1 H, m), 
8.16-8.17(1 H, m). 

[0731] The starting material, (6-(4-fluoro-benzyloxy)-pyridin-3-yl)-acetohydroximoyl chloride; was synthesized as fol- 
lows. 

[Manufacturing Example 58-1-1] 5-Bromo-2-(4-fluoro-benzyloxy)-pyridine 
[0732] 




[0733] To an N,N-dimethylformamide (30.0 mL) solution of 4-fluorobenzyl alcohol (2.60 g, 20.6 mmol) was added 
sodium hydride (0.88 g, 22.2 mmol, 60% in oil) under nitrogen atmosphere at 0°C, which was stirred for 10 minutes at 
room temperature. Next, 2,5-dibromopyridine (3.50 g, 14.8 mmol) was added at 0°C, and stirred for 19 hours at room 
temperature. Water was added to the reaction solution at room temperature, which was then extracted with ethyl acetate. 
The organic layer was washed with saturated aqueous sodium chloride, and the solvent was evaporated under a reduced 
pressure. The residue was purified by silica gel column chromatography (ethyl acetate : heptane = 1 : 5) to obtain the 
title compound (3.75 g, 89.8%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 5.29 (2H, s), 6.68-6.70 (1 H, m), 7.02 -7.06 (2H, m), 7.38-7.42 (2H, m), 7.61-7.64 
(1 H, m), 8.19-8.20 (1 H, m). 

[Manufacturing Example 58-1-2] 6-(4-Fluoro-benzyloxy)-pyridine-3-carbaldehyde 
[0734] 



142 



EP 1 944 303 A1 




[0735] To a diethyl ether (150 mL) solution of 5-bromo-2-(4-fluoro-benzyloxy)-pyridine (3.75g 13.3 mmol) described 
10 in Manufacturing Example 58-1-1 was added n-butyl lithium (2.55 M n-hexane solution, 6.26 mL, 16.0 mmol) on a dry 
ice-ethanol bath (-78°C) under nitrogen atmosphere, which was stirred for 30 minutes at-78°C. N,N-dimethylformamide 
(1 .54 mL, 20.0 mmol) was then added dropwise and stirred for 5 minutes at -78°C. The reaction solution was allowed 
to room temperature, water was added, and the solution was extracted with ethyl acetate. The organic layer was washed 
with saturated aqueous sodium chloride, and the solvent was evaporated under a reduced pressure. The residue was 
is purified by silica gel column chromatography (ethyl acetate : heptane = 1 :3)toobtainthetitlecompound(2.23g, 72.5%). 
1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 5.45 (2H, s), 6.87-6.90 (1 H, m), 7.05-7.09 (2H, m), 7.42-7.46 (2H, m), 8.07-8.10 
(1H, m), 8.64-8.65 (1 H, m), 9.96 (1 H, s). 

[Manufacturing Example 58-1-3] 2-(4-Fluoro-benzyloxy)-5-((E)-2-nitro-vinyl)-pyridine 

20 

[0736] 



25 




30 

[0737] To an acetic acid (20.0 mL) solution of 6-(4-fluoro-benzyloxy)-pyridine-3-carbaldehyde (2.23 g, 9.64 mmol) 
described in Manufacturing Example 58-1 -2 were added nitromethane (2.94 g, 48.2 mmol) and ammonium acetate (1 .49 
g, 19.3 mmol) under nitrogen atmosphere, which was stirred for2.5 hours at 105°C. Water and ethyl acetate were added 
35 to the reaction mixture, and the organic layer was extracted with ethyl acetate. This organic layer was washed with water 
and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The solvent was evap- 
orated from the filtrate under a reduced pressure to obtain the title compound (2.60 g) as a crude product. 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 5.41 (2H, s), 7.00-7.02 (1 H, m), 7.18-7.24 (2H, m), 7.50-7.54 (2H, m), 8.1 4-8.1 8 
(1 H, m), 8.22-8.26 (1H, m), 8.26-8.29 (1 H, m), 8.64-8.65 (1 H, m). 

40 

[Manufacturing Example 58-1-4] 2-(4-Fluoro-benzyloxy)-5-(2-nitro-ethyl)-pyridine 
[0738] 

45 



50 




[0739] To a dimethyl sulfoxide (20.0 mL) solution of 2-(4-fluoro-benzyloxy)-5-((£)-2-nitro-vinyl)-pyridine (2.60 g, 9.48 
55 mmol) described in Manufacturing Example 58-1-3 and acetic acid (3.00 mL) was added sodium borohydride (574 mg, 
1 5.2 mmol) at room temperature while cooling appropriately under nitrogen atmosphere, which was stirred for20 minutes. 
Water was then added dropwise at room temperature while cooling appropriately to quench sodium borohydride. The 
reaction mixture was extracted with ethyl acetate, and the organic layer was washed with water and saturated aqueous 
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sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure, and the residue was purified by NH silica gel column chromatography (ethyl acetate : heptane = 1 : 5) to obtain 
the title compound (785 mg, 30.0%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 3.18 (2H, t, J=6.8Hz), 4.85 (2H, t, J=6.8Hz), 5.31 (2H, s), 6.84-6.86 (1 H, m), 
7.18-7.23 (2H, m), 7.48-7.52 (2H, m), 7.68-7.70 (1 H, m), 8.07-8.08 (1H,m). 

[Manufacturing Example 58-1-5] (6-(4-Fluoro-benzyloxy)-pyridin-3-yl)-acetohydroximoyl chloride 



[0741] To a methanol (20.0 mL) solution of 2-(4-fluoro-benzyloxy)-5-(2-nitro-ethyl)-pyridine (785 mg, 2.84 mmol) de- 
scribed in Manufacturing Example 58-1 -4 was added lithium methoxide (216 mg, 5.68 mmol) under nitrogen atmosphere 
at room temperature, which was stirred for 30 minutes at room temperature. The solvent was evaporated from the 
reaction mixture under a reduced pressure, and anhydrous dichloromethane (20.0 mL) and anhydrous tetrahydrofuran 
(5.00 mL) were added to the residue. Titanium (IV) chloride (998 |xL, 9.09 mmol) was added dropwise into the reaction 
mixture on a dry ice-ethanol bath (-78"C), which was stirred for 45 minutes at room temperature. Water, ethyl acetate 
and tetrahydrofuran were added to the reaction mixture on an ice bath (0"C), and the organic layer was extracted with 
ethyl acetate. This organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The solvent was evaporated from the filtrate under a reduced pressure to obtain the 
title compound (801 mg, 95.7%) as a crude product. 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 3.79 (2H, s), 5.31 (2H, s), 6.85-6.87 (1 H, m), 7.18-7.22 (2H, m), 7.48-7.52 (2H, 
m), 7.60-7.62 (1H, m), 8.07-8.08 (1 H, m), 1 1.76 (1H, s). 

[Manufacturing Example 59] 3-(3-(4-(4-Fluoro-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0743] To a tetrahydrofuran (3 mL) solution of (4-(4-fluoro-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride 
(200 mg, 0.679 mmol) described in Manufacturing Example 59-1 -5 and 3-ethynyl-pyridin-2-ylamine (50 mg, 0.423 mmol) 
described in Manufacturing Example 1-2-3 was added triethylamine (237 (j.L, 1.7 mmol) at room temperature, which 
was stirred for 4 hours at 50°C. Water was added to the reaction solution at room temperature, which was then extracted 
with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and dried over anhydrous 
magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica 
gel column chromatography (heptane : ethyl acetate = 4:1 -2:1 -1:1) to obtain the title compound (57 mg, 22%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.09(2H, s), 5.09(2H, s), 5.84(2H, bra), 6.30(1 H, s), 6.74-6.77(1 H, m), 6.80-6.82 
(1 H, m), 6.90-6.91 (1H, m), 7.33-7.42(31-1, m), 7.76-7.78(1 H, m), 8.09-8.11 (1H, m), 8.1 9-8.21 (2H, m). 
[0744] The starting material, (4-(4-fluoro-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride, was synthesized 
as follows. 



[0740] 




[0742] 
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[Manufacturing Example 59-1-1] 4-(4-Fluoro-pyridin-2-yloxymethyl)-benzonitrile 
[0745] 




10 

[0746] To an N,N-dimethylformamide (15 mL) solution of 2-chloro-4-fluoropyridine (2.88 g, 21.9 mmol) and 4-(hy- 
droxymethyl)benzonitrile (4.37 g, 32.9 mmol) was added sodium hydride (1.29 g, 32.9 mmol, 60% in oil) at room tem- 
perature. This mixture was stirred for 4 hours at 70°C. This mixture was partitioned into ethyl acetate and water. The 
organic layer was separated, washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was 
is concentrated under a reduced pressure, and the residue was purified by silica gel column chromatography (heptane : 
ethyl acetate = 4 : 1 - 2:1) to obtain the title compound (4.08 g, 82%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 5.17(21-1, s), 6.81-6.83(11-1, m), 6.908-6.913(1 H, m), 7.52-7.54(2H, m),7.70-7.73 
(2H, m), 8.23-8.24(1 H, m). 

20 [Manufacturing Example 59-1 -2] 4-(4-Fluoro-pyridin-2-yloxymethyl)-benzaldehyde 

[0747] 



25 




jo [0748] To a toluene solution (28 mL) of 4-(4-fluoro-pyridin-2-yloxymethyl)-benzonitrile (4.08 g, 1 7.9 mmol) described 
in Manufacturing Example 59-1 -1 was added diisobutyl aluminum hydride (26.6 mL, 1 .01 M toluene solution, 26.9 mmol) 
under nitrogen atmosphere at -70°C to -78°C. This mixture was stirred for 3 hours at room temperature. This mixture 
was partitioned into ethyl acetate and 20% aqueous Rochelle salt solution. Afterthe insoluble material had been removed 
by filtering through a Celite pad, the filtrate was partitioned. This organic layer was washed with water and saturated 

35 aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a 
reduced pressure, and the residue was purified by silica gel column chromatography (heptane : ethyl acetate = 4:1- 
2 : 1 ) to obtain the title compound (1 .5 g, 36%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 5.20(2H, s), 6.82-6.84(1 H, m), 6.92-6.93(1 H, m), 7.57-7.59(2H, m), 7.93-7.95(2H, 
m), 8.22-8.24(1 H, m), 10.0(1 H, s). 

40 

[Manufacturing Example 59-1-3] 4-Fluoro-2-(4-((£)-2-nitro-vinyl)-benzyloxy)-pyridine 
[0749] 

45 




[0750] A mixture of the 4-(4-fluoro-pyridine-2-yloxymethyl)-benzaldehyde (1 .5 g, 6.49 mmol) described in Manufac- 
turing Example 59-1-2, nitromethane (698 |xL, 13 mmol), ammonium acetate (750 mg, 9.74 mmol) and acetic acid (15 
mL) was stirred for 6 hours at 100°C. This mixture was cooled to room temperature, concentrated under a reduced 
55 pressure, and diluted with ethyl acetate. The organic layer was washed with water, dried over anhydrous magnesium 
sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound (1 .72 g). 
[0751] This compound was used in the following reaction without being purified. 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 5.16(21-1, s), 6.82-6.84(11-1, m), 6.91 7-6.923(1 H, m), 7.49-7.51 (2H, m), 7.59-7.62 
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(3H, m), 8.00-8.04(1 H, m), 8.23-8.24(1 H, m). 



[Manufacturing Example 59-1-4] 4-Fluoro-2-(4-(2-nitro-ethyl)-benzyloxy)-pyridine 



[0752] 




o 



[0753] To an acetic acid (1.7 ml_) and dimethyl sulfoxide (29 ml_) solution of 4-fluoro-2-(4-((E)-2-nitro-vinyl)-benzy- 
loxy)-pyridine (1.72 g, 6.27 mmol) described in Manufacturing Example 59-1 -3 was added sodium borohydride (380 mg, 
10 mmol) at room temperature while cooling appropriately. This mixture was stirred for 5 hours at room temperature. 
This mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed with water and 
saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
under a reduced pressure, and the residue was purified by silica gel column chromatography (heptane : ethyl acetate 
= 4 : 1 - 1 : 1) to obtain the title compound (960 mg, 55%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.33-3.37(2H, m), 4.61 -4.65(2H, m), 5.09(2H, s), 6.81-6.83(1 H, m),6.91 -6.92(1 H, 
m), 7.25-7.27(3H, m), 7.36-7.38(1 H, m), 8.20-8.22(1 H,m).. 

[Manufacturing Example 59-1-5] (4-(4-Fluoro-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride 



[0755] To a methanol (12 mL) solution of 4-fluoro-2-(4-(2-nitro-ethyl)-benzyloxy)-pyridine (960 mg, 3.47 mmol) de- 
scribed in Manufacturing Example 59-1-4 was added lithium methoxide (264 mg, 6.94 mmol). This mixture was stirred 
for 1 hour at room temperature. This mixture was concentrated under a reduced pressure, water in the residue was 
azeotropically distilled with toluene, and that residue was diluted with methylene chloride (14 mL) and tetrahydrofuran 
(7.2 mL). This was cooled to -78°C, and titanium (IV) tetrachloride (1.22 mL, 11.1 mmol) was added dropwise into the 
suspension. This mixture was stirred for 2 hours at room temperature. This mixture was cooled to -78°C, and partitioned 
into ethyl acetate and ice water. The organic layer was separated, washed with saturated aqueous sodium chloride, 
dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the 
residue was pulverized in ethyl acetate. This solid was collected and dried under a reduced pressure to obtain the title 
compound (969 mg). 

[0756] This compound was used in the following reaction without further purification. 
[Example 60] 3-(3-(3-(Pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylarnine 



[0754] 



F 




HO 



[0757] 
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~NH 2 



[0758] To a tetrahydrofuran (3 mL) solution of 3-(pyridin-2-ylmethoxy)-phenyl)-acetohydroximoyl chloride (200 mg, 
0.723 mmol) described in Manufacturing Example 60-1 -4 and 3-ethynyl-pyridin-2-ylamine (55 mg, 0.461 mmol) described 
in Manufacturing Example 1-2-3 was added triethylamine (252 |±L, 1 .81 mmol) at room temperature, which was stirred 
for 2 hours at 50°C. Water was added to the reaction mixture at room temperature, which was then extracted with ethyl 
acetate. The organic layer was washed with water and saturated aqueous sodium chloride and dried over anhydrous 
magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica 
gel column chromatography (heptane : ethyl acetate = 4 : 1 - 2 : 1 - 1 : 1) to obtain the title compound (52 mg, 20%). 
1 H-NMR Spectrum (CDCI 3 ) 3 (ppm): 4.03(2H, s), 5.20(2H, s), 5.80(2H, brs), 6.26(1 H, s), 6.73-6.76(1 H, m), 6.89-6.91 
(4H, m), 7.19-7.24(1 H, m), 7.50-7.51 (1 H, m), 7.68-7.77(2H, m), 8.09-8.11 (1H, m), 8.57-8.59(1 H, m). 
[0759] The starting material, 3-(pyridin-2-ylmethoxy)-phenyl)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 60-1-1] 3-(Pyridin-2-ylmethoxy)-benzaldehyde 



[0761] 3-Hydroxybenzaldehyde (3 g, 24.6 mmol) and potassium carbonate (10.2 g, 73.8 mmol) were suspended in 
N,N-dimethylformamide (60 mL). 2-Picolyl chloride hydrochloride (4.44 g, 27.1 mmol) was added to this suspension, 
and stirred for 14 hours at room temperature. This mixture was partitioned into ethyl acetate and water. The organic 
layer was separated, washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was con- 
centrated under a reduced pressure, and the residue was purified by silica gel column chromatography (heptane : ethyl 
acetate = 4 : 1 - 2 : 1 - 1 : 1 ) to obtain the title compound (2.98 g, 57%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 5.27(2H, s), 7.24-7.29(2H, m), 7.44-7.52(4H, m), 7.71-7.76(1 H,m), 8.62-8.63(1 H, 
m), 9.98(1 H, s). 

[Manufacturing Example 60-1-2] 2-(3-((E)-2-nitro-vinyl)-phenoxymethyl)-pyridine 



[0760] 




[0762] 
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[0763] A mixture of 3-(pyridin-2-ylmethoxy)-benzaldehyde (2.98 g, 14 mmol) described in Manufacturing Example 
60-1 -1 , nitromethane (1 .51 ml_, 28 mmol), ammonium acetate (1 .62 g, 21 mmol) and acetic acid (30 ml_) was stirred for 
6 hours at 100°C. This mixture was cooled to room temperature, concentrated under a reduced pressure, and diluted 
with ethyl acetate. The organic layer was washed with water, dried over anhydrous magnesium sulfate, and filtered. The 
filtrate was concentrated under a reduced pressure, and the residue was purified by silica gel column chromatography 
(heptane : ethyl acetate = 4 : 1 - 2 : 1 - 1 : 1) to obtain the title compound (2.56 g, 71 %). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 5.27(2H, s), 7.12-7.17(31-1, m), 7.28-7.30(1 H, m), 7.35-7.39(1 H, m), 7.52-7.58(2H, 
m), 7.74-7.78(1 H, m), 7.94-7.97(1 H, m), 8.62-8.64(1 H, m). 

[Manufacturing Example 60-1-3] 2-(3-(2-Nitro-ethyl)-phenoxymethyl)-pyridine 



[0765] To an acetic acid (2.5 mL) and dimethyl sulfoxide (43 mL) solution of 2-(3-((£)-2-nitro-vinyl)-phenoxymethyl)-py- 
ridine (2.56 g, 1 0 mmol) described in Manufacturing Example 60-1 -2 was added sodium borohydride (605 mg, 1 6 mmol) 
at room temperature while cooling appropriately. This mixture was stirred for 1 .5 hours at room temperature. This mixture 
was partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified 
bysilicagelcolumn chromatography (heptane : ethyl acetate = 10 : 1 -4: 1 -1 :1) to obtain the title compound (1 .66 g, 64%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.20-3.23(2H, m), 4.83-4.87(2H, m), 5.44(2H, s), 6.86-6.89(1 H, m), 6.91-6.93 
(1H, m), 7.00(1 H, m), 7.26-7.30(1 H, m), 7.64-7.67(1 H, m), 7.86-7.88(1 H, m), 8.21 -8.24(1 H, m), 8.75-8.76(1 H, m). 

[Manufacturing Example 60-1-4] 3-(Pyridin-2-ylmethoxy)-phenyl)-acetohydroximoyl chloride 



[0767] To a methanol (20 mL) solution of 2-(3-(2-nitro-ethyl)-phenoxymethyl)-pyridine (1 .66 g, 6.43 mmol) described 
in Manufacturing Example 60-1-3 was added lithium methoxide (488 mg, 12.9 mmol). This mixture was stirred for 1 hour 
at room temperature. This mixture was concentrated under a reduced pressure, water in the residue was azeotropically 
distilled with toluene, and that residue was diluted with methylene chloride (24 mL) and tetrahydrofuran (12 mL). This 
was cooled to -78°C, and titanium (IV) tetrachloride (2.26 mL, 20.6 mmol) was added dropwise into the suspension. 
This mixture was stirred for 2 hours at room temperature. This mixture was cooled to -78°C, and partitioned into ethyl 
acetate and ice water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title 
compound (1.25 g). 

[0768] This compound was used in the following reaction without further purification. 
[Example 61]3-(3-(3-Benzyloxy-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0764] 




[0766] 




[0769] 
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[0770] To atetrahydrofuran (3 mL) solution of (3-benzyloxy-phenyl)-acetohydroximoyl chloride (200 mg, 0.724 mmol) 
described in Manufacturing Example 61-1-4 and 3-ethynyl-pyridin-2-ylamine (55 mg, 0.462 mmol) described in Manu- 
facturing Example 1-2-3 was added triethylamine (252 jaL, 1.81 mmol) at room temperature, which was stirred for 4 
hours at 50°C. Water was added to the reaction solution at room temperature, which was then extracted with ethyl 
acetate. The organic layer was washed with water and saturated aqueous sodium chloride and dried over anhydrous 
magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica 
gel column chromatography (heptane : ethyl acetate = 4:1 - 2 : 1) to obtain the title compound (58 mg, 22%). 
1 H-NMRSpectrum (CDCI 3 ) 5 (ppm): 4.03(2H, s), 5.05(2H, s), 5.68(2H, brs), 6.24(1 H, s), 6.72-6.75(1 H, m), 6.88-6.90 
(3H, m), 7.30-7.43(6H, m), 7.72-7.74(1 H, m), 8.10-8.12 (1H,m). 

[0771] The starting material, (3-benzyloxy-phenyl)-acetohydroximoyl chloride, was synthesized as follows. 
[Manufacturing Example 61-1-] 3-Benzyloxy-benzaldehyde 



[0773] 3-Hydroxybenzaldehyde (3 g, 24.6 mmol) and potassium carbonate (10.2 g, 73.8 mmol) were suspended in 
N, N-dimethylformamide (60 mL). Benzyl bromide (3.21 mL, 27.1 mmol) was added to this suspension, and stirred for 
1 4 hours at room temperature. This mixture was partitioned into ethyl acetate and water. The organic layer was separated, 
washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure, and the residue was purified by silica gel column chromatography (heptane : ethyl acetate = 4:1 - 1 : 1) to 
obtain the title compound (5.16 g, 99%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 5.13(21-1, s), 7.24-7.25(1 H, m), 7.35-7.49(8H, m), 9.98(1 H, s). 
[Manufacturing Example 61-1-2] 1 -Benzyloxy-3-((£)-2-nitro-vinyl)-benzene 



[0775] A mixture of 3-benzyloxy-benzaldehyde (5.16 g, 24.3 mmol) described in Manufacturing Example 61-1-1, 
nitromethane (2.16 mL, 48.6 mmol), ammonium acetate (2.81 g, 36.5 mmol) and acetic acid (50 mL) was stirred for 6 
hours at 1 00°C. This mixture was cooled to room temperature, concentrated under a reduced pressure, and diluted with 



[0772] 




[0774] 
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ethyl acetate. The organic layer was washed with water, dried over anhydrous magnesium sulfate, and filtered. The 
filtrate was concentrated under a reduced pressure, and the residue was purified by silica gel column chromatography 
(heptane : ethyl acetate =4:1 -2:1-1 :1) to obtain the title compound (5.50 g, 89%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 5.11(21-1, s), 7.10-7.16(31-1, m), 7.35-7.45(6H, m), 7.53-7.57(1 H, m), 7.95-7.98(1 
H, m). 

[Manufacturing Example 61-1-3] 1-Benzyloxy-3-(2-nitro-ethyl)-benzene 



[0777] To an acetic acid (5.5 mL) and dimethyl sulfoxide (94 mL) solution of 1 -benzyloxy-3-((£)-2-nitro-vinyl)-benzene 
(5.5 g, 21.5 mmol) described in Manufacturing Example 61-1-2 was added sodium borohydride (1.3 g, 34.4 mmol) at 
room temperature while cooling appropriately. This mixture was stirred for 1 .5 hours at room temperature. This mixture 
was partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified 
by silica gel column chromatography (heptane : ethyl acetate = 10 : 1 - 4 : 1) to obtain the title compound (3.14 g, 57%). 
1 H-NMR Spectrum (CDCI 3 ) S (ppm): 3.1 7-3.21 (2H, m), 4.83-4.86(2H, m), 5.07(2H, s), 6.84-6.86(1 H, m), 6.88-6.90(1 H, 
m), 6.96-6.97(1 H, m), 7.20-7.24(1 H, m), 7.31 -7.35(1 H, m), 7.37-7.41 (2H, m), 7.44-7.46(2H, m). 

[Manufacturing Example 61-1-4] (3-Benzyloxy-phenyl)-acetohydroximoyl chloride 



[0779] To a methanol (40 mL) solution of 1-benzyloxy-3-(2-nitro-ethyl)-benzene (3.14 g, 12.2 mmol) described in 
Manufacturing Example 61-1-3 was added lithium methoxide (927 mg, 24.4 mmol). This mixture was stirred for 1 hour 
at room temperature. This mixture was concentrated under a reduced pressure, water in the residue was azeotropically 
distilled with toluene, and that residue was diluted with methylene chloride (48 mL) and tetrahydrofuran (24 mL). This 
was cooled to -78°C, and titanium (IV) tetrachloride (2.95 mL, 26.8 mmol) was added dropwise into the suspension. 
This mixture was stirred for 2 hours at room temperature. This mixture was cooled to -78°C, and partitioned into ethyl 
acetate and ice water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title 
compound (3.48 g). 

[0780] This compound was used in the subsequent reaction without further purification. 
[Example 62] 3-(3-(4-(5-Chloro-furan-2-ylmethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0776] 
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[0782] To a mixture of (4-(5-chloro-furan-2-ylmethyl)-phenyl)-acetohydroximoyl chloride (25 mg, 0.088 mmol) de- 
scribed in Manufacturing Example 62-1-6 and tetrahydrofuran (1 mL) were added 3-ethynyl-pyridin-2-ylamine (8.0 mg, 
0.068 mmol) described in Manufacturing Example 1-2-3 and triethylamine (19 |xL, 0.14 mmol) at room temperature, 
which was stirred for 1 hour at 55°C. The mixture was cooled to room temperature and water was added at the same 
temperature, followed by extraction with ethyl acetate. The organic layer was washed with saturated aqueous sodium 
chloride, and the solvent was evaporated under a reduced pressure. The residue was purified by reverse-phase high 
performance liquid chromatography (using an acetonitrile-water mobile phase containing 0.1 % trifluoracetic acid) to 
obtain the title compound as a crude product, and this was then purified by NH silica gel column chromatography (ethyl 
acetate : heptane = 1 : 1) to obtain the title compound (3.8 mg, 15%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.90 (2H, s), 4.04 (2H, s), 5.54 (2H, brs), 5.99 (1 H, td, J=0.9, 3.3Hz), 6.04 (1 H, 
d, J=3.1 Hz), 6.27 (1 H, s), 6.72 (1 H, dd, J=4.9, 7.7Hz), 7.19-7.25 (4H, m), 7.73 (1 H, dd, J=1 .8, 7.7Hz), 8.12 (1 H, dd, 
J=1.8, 4.9Hz). 

[0783] The starting material, (4-(5-chloro-furan-2-ylmethy!)-phenyl)-acetohydroximoyl chloride, was synthesized as 
follows. 

[Manufacturing Example 62-1-1] 4-((5-Chloro-furan-2-yl)-hydroxy-methyl)-benzonitrile 



[0785] To a mixture of 4-iodobenzonitrile (3.0 g, 1 3 mmol) and tetrahydrofuran (40 mL) was added dropwise isopropyl 
magnesium chloride (1-2 M diethyl ether solution, 1 1 mL, 11-22 mmol) at -78°C, which was stirred for 1 hour at 0°C. 
The reaction mixture was cooled to -78°C, 5-chloro-2-furaldehyde (2.2 g, 17 mmol) was added at that temperature, and 
the temperature was gradually raised to 0°C. Following 30 minutes of stirring at 0°C, saturated aqueous ammonium 
chloride solution, water and ethyl acetate were added to extract the reaction mixture. The organic layer was washed 
successively with saturated aqueous sodium hydrogencarbonate solution and saturated aqueous sodium chloride, and 
the solvent was evaporated under a reduced pressure. Ethyl acetate was added to the residue, which was then filtered 
with NH silica gel. The filtrate was concentrated under a reduced pressure to obtain the title compound (3.2 g) as a crude 
product. This compound was used in the subsequent reaction without further purification. 

[Manufacturing Example 62-1-2] 4-(5-Chloro-furan-2-ylmethyl)-benzylamine 



[0787] To a mixture of lithium aluminum hydride (3.3 g, 69 mmol) and tetrahydrofuran (1 00 mL) was added aluminum 
chloride (13 g, 96 mmol) at 0°C, which was stirred for 1 hour at room temperature. A mixture of 4-((5-chloro-furan-2- 
yl)-hydroxy-methyl)-benzonitrile (3.2 g) described in Manufacturing Example 62-1-1 and tetrahydrofuran was added 
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dropwise into the reaction mixture, and stirred for 1 hour at room temperature. A 28% aqueous ammonia solution was 
added dropwise into the reaction mixture at 0°C to quench the excess reagent. The reaction mixture was allowed to 
room temperature and filtered through a Celite pad. The solvent was evaporated from the filtrate under a reduced 
pressure, and the residue was filtered after addition of diethyl ether. The filtrate was concentrated under a reduced 
pressure to obtain the title compound (2.6 g) as a crude product. 

1 H-NMR Spectrum (CDCI 3 ) 6 (ppm): 3.85 (2H, s), 3.90 (2H, s), 5.97 (1H, td, J=0.9, 3.1 Hz), 6.04 (1 H, d, J=3.1 Hz), 7.20 
(2H, d, J=8.2Hz), 7.26 (2H, d, J=7.9Hz). 

[Manufacturing Example 62-1-3] (4-(5-Chloro-furan-2-ylmethyl)-phenyl)-methanol 



[0789] To a mixture of 4-(5-chloro-furan-2-ylmethyl)-benzylamine (2.6 g) described in Manufacturing Example 62-1-2, 
acetic acid (25 mL) and water (25 mL) was added sodium nitrite (9.8 g, 140 mmol) at 0°C, which was stirred for 40 
minutes at room temperature. Water and ethyl acetate were added to extract the reaction mixture. The organic layer 
was washed successively with water, saturated sodium hydrogencarbonate and saturated aqueous sodium chloride, 
and the solvent was evaporated under a reduced pressure. Methanol (25 mL) was added to the residue at 0°C, followed 
by addition of potassium carbonate (3.3 g, 24 mmol) at the same temperature. This was stirred for 1 hour at the same 
temperature. Water and ethyl acetate were added to extract the reaction mixture. The organic layer was washed suc- 
cessively with water, saturated sodium hydrogencarbonate and saturated aqueous sodium chloride, and the organic 
layer was concentrated under a reduced pressure. The residue was purified by neutral silica gel column chromatography 
(ethyl acetate : heptane = 1 : 2) to obtain the title compound (1.2 mg, 44%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.91 (2H, s), 4.68 (2H, s), 5.97 (1H, d, J=3.1Hz), 6.04 (1 H, d, J=3.1 Hz), 7.23 (2H, 
d, J=8.1 Hz), 7.32 (2H, d, J=8.1Hz). 

[Manufacturing Example 62-1-4] 4-(5-Chloro-furan-2-ylmethyl)-benzaldehyde 



[0791] To a mixture of (4-(5-chloro-furan-2-ylmethyl)-phenyl)-methanol (650 mg, 2.9 mmol) described in Manufacturing 
Example 62-1-3 and dichloromethane (20 mL) was added manganese dioxide (6.5 g, 75 mmol) at room temperature, 
which was stirred overnight at room temperature. The reaction mixture was filtered through a Celite pad. The filtrate was 
evaporated under a reduced pressure to obtain the title compound (530 mg, 83%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 4.00 (2H, s), 6.04-6.05 (1H, m), 6.07-6.08 (1 H, m), 7.40 (2H, d, J=7.9Hz), 7.84 
(2H, d, J=7.9Hz), 10.00 (1 H, s). 

[Manufacturing Example 62-1-5] 2-Chloro-5-(4-(2-nitro-ethyl)-benzyl)-furan 
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[0793] To a mixture of 4-(5-chloro-furan-2-ylmethyl)-benzaldehyde (270 mg, 1.2 mmol) described in Manufacturing 
Example 62-1-4 and acetic acid (3 ml_) were added nitromethane (500 |xL, 9.3 mmol) and ammonium acetate (290 mg, 
3.7 mmol) at room temperature, which was stirred for 3 hours at 100°C. The reaction mixture was cooled to room 
temperature, and extracted by addition of water and ethyl acetate. This organic layer was washed with saturated aqueous 
sodium chloride and dried over anhydrous magnesium sulfate, and was concentrated under a reduced pressure. To a 
mixture of acetic acid (0.6 ml_) and dimethyl sulfoxide (10 ml_) was added sodium borohydride (76 mg, 2.0 mmol) at 
room temperature while cooling appropriately, which was stirred for 10 minutes at room temperature. Water was added 
to the reaction solution at room temperature, which was then extracted with ethyl acetate. The organic layer was washed 
with saturated aqueous sodium chloride. The organic layer was concentrated under a reduced pressure, and the residue 
was purified by neutral silica gel column chromatography (ethyl acetate : heptane = 1 : 5) to obtain the title compound 
(210mg, 62%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 3.30 (2H, t, J=7.4Hz), 3.89 (2H, s), 4.60 (2H, t, J=7.4Hz), 5.97 (1H, d, J=3.1 Hz), 
6.04 (1H, d, J=3.1 Hz), 7.15 (2H, d, J=8.2Hz), 7.19 (2H, d, J=8.2Hz). 

[Manufacturing Example 62-1-6] (4-(5-Chloro-furan-2-ylmethyl)-phenyl)-acetohydroximoyl chloride 



[0795] To a mixture of 2-chloro-5-(4-(2-nitro-ethyl)-benzyl)furan (100 mg, 0.38 mmol) described in Manufacturing 
Example 62-1-5 and methanol (2 mL) was added lithium methoxide (29 mg, 0.75 mmol) at room temperature, which 
was stirred for 10 minutes at room temperature. The solvent was evaporated from the reaction mixture under a reduced 
pressure. Titanium (IV) chloride (91 jjlL, 0.83 mmol) was added at-78°Cto a mixture of the resulting residue, methylene 
chloride (2 mL) and tetrahydrofuran (1 mL), and stirred for 1 hour at 0°C. The reaction mixture was cooled to -78°C, 
water (1 mL) was added, and the temperature was gradually raised to room temperature. Ethyl acetate and water were 
added to extract the reaction mixture. The organic layer was washed with water until the pH became roughly 5. The 
organic layer was washed with saturated aqueous sodium chloride, and dried over anhydrous magnesium sulfate. The 
organic layer was concentrated under a reduced pressure to obtain the title compound (1 1 0 mg, 84%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.78 (2H, s), 3.91 (2H, s), 5.97-5.99 (1 H, m), 6.04 (1 H, d, J=3.3Hz), 7.21 (4H, d, 
J=1.7Hz). 

[Example 63]3-(3-(4-(5-Chloro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0797] Tetrahydrofuran (3 mL) and a 5 N aqueous sodium hydroxide solution (22.4 |iL, 0.1 1 mmol) were added to 

4- (5-(2-amino-pyridine-3-yl)-isoxazole-3-ylmethyl)-phenol (30 mg, 0.11 mmol) described in Manufacturing Example 

5- 1-1, which was dissolved by irradiating ultrasonic wave for 1 minute. The reaction solution was then concentrated 
under a reduced pressure to obtain a white solid. An N,N-dimethylformamide (1 mL) solution of 5-chloro-2-chloromethyl- 
pyridine (20 mg, 0.12 mmol) described in Manufacturing Example 63-1-2 was added to a suspension of this solid and 
N,N-dimethylformamide (1 mL), and stirred for 1 hour at 60°C. This mixture was cooled to room temperature and 
partitioned into water and ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium 
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chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, 
and the resulting residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 1: 1) to obtain 
the title compound (41.1 mg, 93%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.97 (2H, s), 5.17 (2H, s), 6.26 (2H, brs), 6.68-6.72 (1 H, m), 6.80 (1 H, s), 6.99 
5 (2H, d, J=8.4Hz), 7.26 (2H, d, J=8.8Hz), 7.55 (1 H, d, J=8.4Hz), 7.87 (1 H, dd, J=1 .6, 8.0Hz), 7.97 (1 H, dd, J=2.4, 8.4Hz), 
8.09 (1 H, d, J=1.6, 4.8Hz), 8.64 (1 H, d, J=2.4Hz). 

[0798] The starting material, 5-chloro-2-chloromethyl-pyridine, was synthesized as follows. 
[Manufacturing Example 63-1-1] (5-Chloro-pyridin-2-yl)-methanol 

10 

[0799] 



15 




20 [0800] To a mixture of 2-bromo-5-chloropyridine (2.0 g, 10.4 mmol) and toluene (50 ml) was added a 1.6 M n-butyl 
lithium hexane solution (7.8 ml_, 12.5 mmol) at -78°C, which was stirred for 1 hour. N,N-dimethylformamide (4.0 ml_, 
52.0 mmol) was then added dropwise into the mixture at the same temperature, which was then stirred for a further 15 
minutes at room temperature. Water and tetrahydrofuran were added to this reaction solution, followed by vigorous 
stirring. The organic layer was separated, washed with water and saturated aqueous sodium chloride, dried over anhy- 

25 drous magnesium sulfate, and filtered. Sodium borohydride (1.18 g. 31 .2 mmol) was added at 0°C to the filtrate, and 
stirred for 1 hour at room temperature. This reaction solution was partitioned into water and tetrahydrofuran. The organic 
layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and 
filtered. The filtrate was concentrated under a reduced pressure, and the resulting residue was purified by NH silica gel 
column chromatography (hexane : diethyl ether = 1 :2) to obtain the title compound (706 mg, 47%). 

so 1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.75(2H, s), 7.25(1 H, dd, J=0.8, 8.4Hz), 7.68(1 H, dd, J=2.4, 8.4Hz), 8.53(1 H, d, 
J=2.4Hz). 

[Manufacturing Example 63-1-2] 5-Chloro-2-chloromethyl-pyridine 
35 [0801] 




[0802] To a mixture of (5-chloro-pyridine-2-yl)-methanol (706 mg, 4.92 mmol) described in Manufacturing Example 
63-1-1 and dichloromethane (70 ml_) was added thionyl chloride (539 \yL, 7.38 mmol), which was stirred for 1 hour at 
45 room temperature. Saturated aqueous sodium hydrogencarbonate solution was added to the reaction mixture, which 
was then extracted with dichloromethane. The organic layer was separated, washed with water and saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure to obtain the title compound (620.0 mg, 78%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.66 (2H, s), 7.45 (1 H, d, J=8.0Hz), 7.71 (1 H, dd, J=2.8, 8.0Hz), 8.54 (1 H, d, 
so J=2.8Hz). 

[Example 64] 3-(3-(3-Phenoxy-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 
[0803] 
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[0804] To atetrahydrofuran (10.0 mL) solution of (3-phenoxy-phenyl)-acetohydroximoyl chloride (1 50 mg, 0.573 mmol) 
described in Manufacturing Example 64-1-3 and 3-ethynyl-pyridin-2-ylamine (30.0 mg, 0.254 mmol) described in Man- 
ufacturing Example 1-2-3 was added triethylamine (106 ^L, 0.762 mmol) at room temperature, which was stirred for 2 
hours at 60°C. Water was added to the reaction solution at room temperature, which was then extracted with ethyl 
acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous magnesium 
sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column 
chromatography (ethyl acetate : heptane = 1:2), the mixture was further purified by reverse-phase high-performance 
liquid chromatography (using an acetonitrile-water mobile phase containing 0.1 % trifluoracetic acid) to obtain the title 
compound (6.6 mg, 43%) as a trifluoracetic acid salt. 
MS m/e(ESI) 344.07(MH+) 

1 H-NMR Spectrum (CD 3 OD) 5 (ppm): 4.08 (2H, s), 6.81 (1 H, s), 6.85-6.87 (1 H, m), 6.96-6.98 (3H, m), 7.03-7.12 (3H, 
m), 7.29-7.36 (3H, m), 8.03-8.04 (1 H, m), 8.32-8.34 (1H, m). 

[0805] The starting material, (3-phenoxy-phenyl)-acetohydroximoyl chloride, was synthesized as follows. 
[Manufacturing Example 64-1-1] 1-((E)-2-nitro-vinyl)-3-phenoxy-benzene 



[0807] To an acetic acid (20.0 mL) solution of 3-phenoxybenzaldehyde (3.00 g, 15.1 mmol) were added nitromethane 
(4.61 g, 75.5 mmol) and ammonium acetate (2.33 g, 30.2 mmol) under nitrogen atmosphere at room temperature, which 
was stirred for 3 hours at 100°C. Water and ethyl acetate were added to the reaction mixture, and the organic layer was 
extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 
(3.60 g) as a crude product. 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 7.03-7.06 (2H, m), 7.12-7.19 (2H, m), 7.39-7.44 (2H, m), 7.47-7.51 (1 H, m), 
7.61-7.66 (2H, m), 8.13 (1 H, d, J=1 3.6Hz), 8.25 (1 H, d, J=13.6Hz). 

[Manufacturing Example 64-1-2] 1-(2-Nitro-ethyl)-3-phenoxy-benzen 



[0809] To a dimethyl sulfoxide (30.0 mL) solution of 1-((£)-2-nitro-vinyl)-3-phenoxybenzene (3.60 g, 14.9 mmol) de- 
scribed in Manufacturing Example 64-1-1 and acetic acid (3.00 mL) was added sodium borohydride (902 mg, 23.8 mmol) 
at room temperature while cooling appropriately under nitrogen atmosphere, which was stirred for 3 minutes. Water was 
then added dropwise at room temperature while cooling appropriately. The reaction mixture was extracted with ethyl 
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acetate, and the organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduce pressure, and the residue was purified 
by NH silica gel column chromatography (ethyl acetate : heptane =1 : 5) to obtain the title compound (2.47 g, 68.1%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.22 (2H, t, J=6.8Hz), 4.84 (2H, t, J=6.8Hz), 6.85-6.88 (1 H, m), 6.98-7.00 (3H, 
m), 7.04-7.06 (1 H, m), 7.12-7.16 (1 H, m), 7.30-7.34 (1 H, m), 7.37-7.41 (2H, m). 

[Manufacturing Example 64-1-3] (3-Phenoxy-phenyl)-acetohydroximoyl chloride 

[0810] 




[0811] To a methanol (10.0 ml_) solution of 1-(2-nitro-ethyl)-3-phenoxy-benzene (800 mg, 3. 29 mmol) described in 
Manufacturing Example 64-1-2 was added lithium methoxide (250 mg, 6.58 mmol) under nitrogen atmosphere at room 
temperature, which was stirred for 30 minutes at room temperature. The solvent was evaporated from the reaction 
mixture under a reduced pressure, and anhydrous dichloromethane (20.0 mL) and anhydrous tetrahydrofuran (1 0.0 mL) 
were added to the residue. Titanium (IV) chloride (1 .08 mL, 9.87 mmol) was added dropwise into the reaction mixture 
on a dry ice-ethanol bath (-78°C), and then stirred for 45 minutes at room temperature. Water and ethyl acetate were 
added to the reaction mixture on an ice bath (0°C), and the organic layer was extracted with ethyl acetate. The organic 
layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and 
filtered. The filtrate was concentrated to obtain the title compound (860 mg, 1 00%) as a crude product. 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.81 (2H, s), 6.90-6.91 (2H, m), 7.00-7.04 (3H, m), 7.1 3-7. 1 7 (1 H, m), 7.34-7.42 
(3H, m), 11.75 (1 H, s). 

[Example 65] 3-(3-(3-Butoxy-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 
[0812] 




[0813] To a tetrahydrofuran (3 mL) solution of (3-butoxy-phenyl)-acetohydroximoyl chloride (150 mg, 0.621 mmol) 
described in Manufacturing Example 65-1-4 and 3-ethynyl-pyridin-2-ylamine (47 mg, 0.396 mmol) described in Manu- 
facturing Example 1-2-3 was added triethylamine (216 (jiL, 1.55 mmol) at room temperature, which was stirred for 2 
hours at 50°C. Water was added to the reaction solution at room temperature, which was then extracted with ethyl 
acetate. The organic layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous 
magnesium sulfate. The solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel 
column chromatography (heptane : ethyl acetate = 4 : 1 - 2 : 1 ) to obtain the title compound (33 mg, 8%). 
1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 0.95-0.99(3H, m), 1 .46-1 .51 (2H, m), 1 .72-1 .79(2H, m), 3.93-3.96(2H, m), 4.02(2H, 
s), 5.51 (2H, brs), 6.27(1 H, s), 6.70-6.73(1 H, m), 6.79-6.86(4H, m),7.71 -7.73(1 H, m), 8.12-8.13(1 H, m). 
[0814] The starting material, (3-butoxy-phenyl)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 65-1-1] 3-Butoxy-benzaldehyde 

[0815] 
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[0816] 3-Hydroxybenzaldehyde (3 g, 24.6 mmol) and potassium carbonate (10.2 g, 73.8 mmol) were suspended in 
N,N-dimethylformamide (60 ml_). 1-Bromobutane (3.17 mL, 29.5 mmol) was added to this suspension and stirred for 19 
hours at room temperature. This mixture was partitioned into ethyl acetate and water. This organic layer was separated, 
washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure to obtain the title compound (4.23 g). 

1 H-NMR Spectrum (CDCI 3 ) 6 (ppm): 0.97-1 .01 (3H, m), 1.48-1 .56(2H, m), 1 .76-1 .81 (2H, m), 4.01 -4.04(2H, m), 7.1 6-7.1 9 
(1H, m), 7.384-7.390(1 H, m), 7.43-7.45(2H, m), 9.97(1 H, s). 

[Manufacturing Example 65-1-2] 1-Butoxy-3-((E)-2-nitro-vinyl)-benzene 



[0818] A mixture of 3-butoxy-benzaldehyde (4.23 g,23.7mmol) described in Manufacturing Example 65-1 -1, nitrometh- 
ane (2.55 mL, 47.7 mmol), ammonium acetate (2.74 g, 35.6 mmol) and acetic acid (40 mL) was stirred for 5 hours at 
100°C. This mixture was cooled to room temperature, concentrated under a reduced pressure, and diluted with ethyl 
acetate. The organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous mag- 
nesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified by 
silica gel column chromatography (heptane : ethyl acetate = 4 : 1 - 1 :1) to obtain the title compound (3.92 g, 75%). 
1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 0.93-0.96(3H, m), 1.42-1.47(2H, m), 1.68-1 .75(2H, m), 3.97-4.05(2H, m), 
7.07-7.10(1 H, m), 7.35-7.41 (2H, m), 7.458-7.462(1 H, m), 8.09(1 H, d, J=13.6 Hz), 8.27(1 H, d, J=13.6Hz). 

[Manufacturing Example 65-1-3] 1-Butoxy-3-(2-nitro-ethyl)-benzene 



[0820] To an acetic acid (3.9 mL) and dimethyl sulfoxide (67 mL) solution of 1-butoxy-3-((£)-2-nitro-vinyl)-benzene 
(3.92 g, 17.7 mmol) described in Manufacturing Example 65-1-2 was added sodium borohydride (1.07 g, 28.3 mmol) at 
room temperature while cooling appropriately. This mixture was stirred for 4 hours at room temperature. This mixture 
was partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified 
by silica gel column chromatography (heptane : ethyl acetate = 10 : 1) to obtain the title compound (2.29 g, 58%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 0.91-0.95(3H, m), 1 .38-1.47(21-1, m), 1 .65-1 ,70(2H, m), 3.1 6-3.20(2H, m), 3.92-3.95 
(2H, m), 4.82-4.86(2H, m), 6.78-6.82(2H, m), 6.85-6.86(1 H, m), 7.1 8-7.22(1 H, m). 
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[Manufacturing Example 65-1-4] (3-Butoxy-phenyl)-acetohydroximoyl chloride 



[0821] 




[0822] To a methanol (28 ml_) solution of 1 -butoxy-3-(2-nitro-ethyl)-benzene (2.29 g, 10.3 mmol) described in Manu- 
facturing Example 65-1-3 was added lithium methoxide (782 mg, 20.6 mmol). This mixture was stirred for 1 hour at room 
temperature. The mixture was concentrated under a reduced pressure, water in the residue was azeotropically distilled 
with toluene, and that residue was diluted with methylene chloride (33 mL) and tetrahydrofuran (16.5 mL). This was 
cooled to -78°C, and titanium (IV) tetrachloride (2.49 mL, 22.7 mmol) was added dropwise into the suspension. This 
mixture was stirred for 2 hours at room temperature. This mixture was cooled to -78°C, and partitioned into ethyl acetate 
and ice water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 
(2.85 g). This compound was used in the following reaction without further purification. 

[Example 66] 3-(3-(3-Cyclopropylmethoxy-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0824] To a tetrahydrofuran (3 mL) solution of (3-cyclopropylmethoxy-phenyl)-acetohydroximoyl chloride (150 mg, 
0.624 mmol) described in Manufacturing Example 66-1 -4 and 3-ethynyl-pyridin-2-ylamine (47 mg, 0.398 mmol) described 
in Manufacturing Example 1 -2-3 was added triethylamine (220 i»,L, 1 .56 mmol) at room temperature, which was stirred 
for 2 hours at 50°C. Water was added to the reaction solution at room temperature, which was then extracted with ethyl 
acetate. The organic layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous 
magnesium sulfate. The solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel 
column chromatography (heptane : ethyl acetate = 4 : 1 - 2 : 1) to obtain the title compound (26 mg, 13%). 
1 H-NMR Spectrum (CDCI 3 ) S (ppm): 0.32-0.36(2H, m), 0.62-0.66(2H, m), 1.24-1 .28(1 H, m), 3.78-3.80(2H, m), 4.02(2H, 
s), 5.55(2H, brs), 6.27(1 H, s), 6.70-6.74(1 H, m), 6.79-6.87(3H, m), 7.22-7.24(1 H, m), 7.71-7.74(1 H, m), 8.11-8.13 
(1H, m). 

[0825] The starting material, (3-cyclopropylmethoxy-phenyl)-acetohydroximoyl chloride, was synthesized as follows. 
[Manufacturing Example 66-1-1] 3-Cyclopropylmethoxy-benzaldehyde 



[0823] 




^NH 2 



[0826] 
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[0827] 3-Hydroxybenzaldehyde (3 g, 24.6 mmol) and potassium carbonate (10.2 g, 73.8 mmol) were suspended in 
N,N-dimethylformamide (60 ml_). Cyclopropyl methyl chloride (2.86 ml_, 29.5 mmol) was added to this suspension, and 
stirred for 19 hours at room temperature. This mixture was partitioned into ethyl acetate and water. The organic layer 
was separated, washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
under a reduced pressure to obtain the title compound (4.32 g). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 0.36-0.39(2H, m), 0.65-0.69(2H, m), 1 .24-1 .29(1 H, m), 3.86-3.88(2H, m), 7.1 8-7.21 
(1 H, m), 7.37-7.38(1 H, m), 7.44-7.45(2H, m), 9.97(1 H, s). 

[Manufacturing Example 66-1-2] 1-Cyclopropylmethoxy-3-((£)-2-nitro-vinyl)-benzene 



[0829] A mixture of 3-cyclopropylmethoxy-benzaldehyde (4,32 g, 24.5 mmol) described in Manufacturing Example 
66-1-1, nitromethane (2.64 ml_, 49 mmol), ammonium acetate (2.83 g, 36.8 mmol) and acetic acid (40 ml_) was stirred 
for 5 hours at 1 00°C. This mixture was cooled to room temperature, concentrated under a reduced pressure, and diluted 
with ethyl acetate. The organic layer was washed with water andsaturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified 
by silica gel column chromatography (heptane : ethyl acetate = 4:1 - 1 : 1) to obtain the title compound (3.73 g, 69%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 0.31-0.36(2H, m), 0.56-0.61 (2H, m), 1.22-1.26(1 H, m), 3.86-3.91 (2H, m), 
7.08-7.1 1 (1 H, m), 7.35-7.41 (2H, m), 7.45-7.46(1 H, m), 8.08(1 H, d, J=14Hz), 8.27(1 H, d, J=14Hz). 

[Manufacturing Example 66-1-3] 1-Cyclopropylmethoxy-3-(2-nitro-ethyl)-benzene 



[0831] To an acetic acid (3.7 ml_) and dimethyl sulfoxide (63 mL) solution of 1-cyclopropylmethoxy-3-((£)-2-nitro- 
vinyl)-benzene (3.73 g, 17 mmol) described in Manufacturing Example 66-1-2 was added sodium borohydride (1.03 g, 
27.2 mmol) at room temperature while cooling appropriately. This mixture was stirred for 4 hours at room temperature. 
That mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried 
over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue 
was purified by silica gel column chromatography (heptane : ethyl acetate = 10 : 1) to obtain the title compound (2.21 
g, 59%). 

1 H-NMR Spectrum (DMSO-d 6 )5 (ppm): 0.30-0.32(2H, m), 0.54-0.57(2H, m), 1 .1 7-1.24(1 H, m), 3.17-3.19(21-1, m), 
3.78-3.80(21-1, m), 4.82-4.85(2H, m), 6.77-6.82(2H, m), 6.85-6.86(1 H, m), 7.1 7-7.21 (1 H, m). 

[Manufacturing Example 66-1-4] (3-Cyclopropylmethoxy-phenyl)-acetohydroximoyl chloride 



[0828] 




[0830] 




[0832] 
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[0833] To a methanol (27 mL) solution of 1 -cyclopropylmethoxy-3-(2-nitro-ethyl)-benzene (2.21 g, 1 0 mmol) described 
10 in Manufacturing Example 66-1 -3 was added lithium methoxide (759 mg, 20 mmol). This mixture was stirred for 1 hour 
at room temperature. The mixture was concentrated under a reduced pressure, water in the residue was azeotropically 
distilled with toluene, and that residue was diluted with methylene chloride (32 mL) and tetrahydrofuran (16 mL). This 
was cooled to -78°C, and titanium (IV) tetrachloride (2.42 mL, 22 mmol) was added dropwise into the suspension. This 
mixture was stirred for 2 hours at room temperature. The mixture was cooled to -78°C and partitioned into ethyl acetate 
is and ice water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 
(2.5 g). This compound was used in the following reaction without further purification. 

[Example 67] 3-(3-(4-Butoxy-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

20 

[0834] 



25 




30 

[0835] To a tetrahydrofuran (3 mL) solution of (4-butoxy-phenyl)-acetohydroximoyl chloride (150 mg, 0.619 mmol) 
described in Manufacturing Example 67-1-4 and 3-ethynyl-pyridin-2-ylamine (47 mg, 0.395 mmol) described in Manu- 
facturing Example 1-2-3 was added triethylamine (216 p,L, 1.55 mmol) at room temperature, which was stirred for 2 
hours at 50°C. Water was added to the reaction solution at room temperature, which was then extracted with ethyl 

35 acetate. The organic layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous 
magnesium sulfate. The solvent was devaporated under a reduced pressure. The residue was purified by NH silica gel 
column chromatography (heptane : ethyl acetate = 4 : 1 - 2 : 1) to obtain the title compound (27 mg, 14%). 
1 H-NMR Spectrum (CDCI g ) S (ppm): 0.95-0.99(3H, m), 1.44-1 .53(2H, m), 1.72-1 .79(2H, m), 3.93-3.96(2H, m), 4.00(2H, 
s), 5.65(2H, brs), 6.25(1 H, s),6.71-6.74(1 H, m), 6.86-6.88(2H, m), 7.1 7-7.20(2H, m), 7.72-7.75(1 H, m),B.1 0-8.12(1 H, m). 

40 [0836] The starting material, (4-butoxy-phenyl)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 67-1-1] 4-Butoxy-benzaldehyde 
[0837] 

45 




50 

[0838] 4-Hydroxybenzaldehyde (3 g, 24.6 mmol) and potassium carbonate (10.2 g, 73.8 mmol) were suspended in 
N,N-dimethylformamide (60 mL). 1-Bromobutane (3.17 mL, 29.5 mmol) was added to this suspension, and stirred for 
1 7 hours at room temperature. The mixture was partitioned into ethyl acetate and water. The organic layer was separated, 
washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
55 pressure to obtain the title compound (4.72 g). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 0.97-1 .01 (3H, m), 1 .48-1 .54 (2H, m), 1 .79-1 .82 (2H, m), 4.03-4.07 (2H, m), 6.98-7.00 
(2H, m), 7.82-7.84 (2H, m), 9.88 (1 H, s). 
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[Manufacturing Example 67-1-2] 1-Butoxy-4-((£)-2-nitro-vinyl)-benzene 



[0839] 



o~ 



o 



[0840] Amixture of 4-butoxy-benzaldehyde (4.72 g, 26.5 mmol) described in Manufacturing Example 67-1 -1 , nitrometh- 
ane (2.85 mL, 53 mmol), ammonium acetate (3.06 g, 39.8 mmol) and acetic acid (40 mL) was stirred for 13 hours at 
100°C. This mixture was cooled to room temperature, concentrated under a reduced pressure, and diluted with ethyl 
acetate. The organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous mag- 
nesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified by 
silica gel column chromatography (heptane : ethyl acetate = 4 : 1 - 1 : 1) to obtain the title compound (4.44 g, 76%). 
1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 0.92-0.95 (3H, m), 1.41-1.46 (2H, m), 1.67-1.74 (2H, m), 4.04-4.09 (2H, m), 
7.13 (2H, d, J=8.8Hz), 7.82 (2H, d, J=8.8Hz), 8.09 (1H, d, J=13.6 Hz), 8.13 (1H, d, J=13.6 Hz). 

[Manufacturing Example 67-1-3] 1-Butoxy-4-(2-nitro-ethyl)-benzene 



[0842] To an acetic acid (4.4 mL) and dimethyl sulfoxide (75 mL) solution of 1-butoxy-4-((£)-2-nitro-vinyl)-benzene 
(4.44 g, 20.1 mmol) described in Manufacturing Example 67-1-2 was added sodium borohydride (1.22 g, 32.2 mmol) at 
room temperature while cooling appropriately. This mixture was stirred for 4 hours at room temperature. The mixture 
was partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified 
by silica gel column chromatography (heptane : ethyl acetate = 10 : 1) to obtain the title compound (3.42 g, 76%). 
1 H-NMR Spectrum (CDCI 3 ) S (ppm): 0.90-0.95 (3H, m), 1.37-1 .47(2H, m), 1 .63-1 .70 (2H, m), 3.1 2-3.1 6 (2H, m), 3.91-3.94 
(2H, m), 4.76-4.80 (2H, m), 6.83-6.87 (2H, m), 7.14-7.18 (2H, m). 

[Manufacturing Example 67-1-4] (4-Butoxy-phenyl)-acetohydroximoyl chloride 



[0844] To a methanol (42 mL) solution of 1-butoxy-4-(2-nitro-ethyl)-benzene (3.42 g, 15.3 mmol) described in Manu- 
facturing Example 67-1 -3 was added lithium methoxide (1 .16 g, 30.6 mmol). This mixture was stirred for 1 hour at room 
temperature. The mixture was concentrated under a reduced pressure, water in the residue was azeotropically distilled 
with toluene, and that residue was diluted with methylene chloride (50 mL) and tetrahydrofuran (25 mL). This was cooled 
to -78°C, and titanium (IV) tetrachloride (3.7 mL, 33.7 mmol) was added dropwise into the suspension. This mixture was 
stirred for 2 hours at room temperature. This mixture was cooled to -78°C, and partitioned into ethyl acetate and ice 
water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous mag- 
nesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound (3.5 
g). This compound was used in the following reaction without further purification. 



[0841] 




O 



[0843] 




HO 
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[Example 68] 3-(3-(4-Benzylamino-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 
[0845] 




[0846] To a tetrahydrofuran (3 ml_) solution of (4-benzylamino-phenyl)-acetohydroximoyl chloride (150 mg, 0.546 

mmol) described in Manufacturing Example 68-1-4 and 3-ethynyl-pyridin-2-ylamine (41 mg, 0.348 mmol) described in 

Manufacturing Example 1-2-3 was added triethylamine (190 |xL, 1.37 mmol) at room temperature, which was stirred for 

7 hours at 50°C. Water was added to the reaction solution at room temperature, which was then extracted with ethyl 

acetate. The organic layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous 

magnesium sulfate. The solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel 

column chromatography (heptane : ethyl acetate = 4 : 1 - 2 : 1) to obtain the title compound (14 mg, 7%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.94 (2H, s), 4.32 (2H, s), 5.69 (2H, brs), 6.26 (1 H, s), 6.59-6.62 (2H, m), 6.71 -6.74 

(1 H, m), 7.06-7.09 (2H, m), 7.24-7.38 (4H, m), 7.73-7.75 (1 H, m), 8.09-8.10 (1 H,m). 

(It was not observed that the proton on the amino group of NH-CH2Ph appeared on the NMR chart.) 

[0847] The starting material, (4-benzylamino-phenyl)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 68-1-1] 4-Benzylamino-benzaldehyde 

[0848] 




[0849] To a toluene (35 ml_) solution of 4-benzylamino-benzonitrile (5 g, 24 mmol) was added diisobutyl aluminum 
hydride (35.6 mL, 1.01 M toluene solution, 36 mmol) under nitrogen atmosphere at -70°C to -78°C. This mixture was 
stirred for 5 hours at room temperature. The mixture was partitioned into ethyl acetate and 20% aqueous Rochelle salt 
solution. After removal of insoluble matter by filtering through a Celite pad, the filtrate was partitioned. The organic layer 
was separated, washed with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. 
The filtrate was concentrated under a reduced pressure to obtain the title compound (5 g, 99%). This compound was 
used in the following reaction without further purification. 

[Manufacturing Example 68-1-2] Benzyl-(4-((£)-2-nitro-vinyl)-phenyl)-amine 

[0850] 




[0851] A mixture of 4-benzylamino-benzaldehyde (5 g, 23.7 mmol) described in Manufacturing Example 68-1-1, ni- 
tromethane (2.55 mL, 47.7 mmol), ammonium acetate (2.74 g, 35.6 mmol) and acetic acid (50 mL) was stirred for 6 
hours at 1 00°C. This mixture was cooled to room temperature, concentrated under a reduced pressure, and diluted with 
ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, dried over anhydrous magnesium 
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sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound (5.82 g). 
1 H-NMR Spectrum (CDCI 3 ) S (ppm): 4.41-4.43 (2H, m), 4.68 (1 H, brs), 6.62-6.67 (2H, m), 7.25-7.39 (6H, m), 7.47-7.50 
(1 H, m), 7.69-7.71 (1 H, m), 7.93-7.96 (1 H, m). 



[Manufacturing Example 68-1-3] Benzyl-(4-(2-nitro-ethyl)-phenyl)-amine 




[0853] To an acetic acid (5.8 mL) and dimethyl sulfoxide (1 OOmL) solution of benzyl-(4-((£)-2-nitro-vinyl)-phenyl)-amine 
(5.82 g, 22.9 mmol) described in Manufacturing Example 68-1-2 was added sodium borohydride (1.39 g, 36.6 mmol) at 
room temperature while cooling appropriately. This mixture was stirred for 1 hour at room temperature. The mixture was 
partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified 
by silica gel column chromatography (heptane : ethyl acetate = 4 : 1 - 2 : 1) to obtain the title compound (2.79 g, 48%). 
1 H-NMR Spectrum (CDCI 3 ) S (ppm): 3.19-3.22 (2H, m), 4.32 (2H, s), 4.52-4.56 (3H, m), 6.60-6.62 (2H, m), 7.00-7.02 
(2H, m), 7.27-7.37 (5H, m). 

[Manufacturing Example 68-1-4] (4-Benzylamino-phenyl)-acetohydroximoyl chloride 
[0854] 




HO 



[0855] To a methanol (12 mL) solution of benzyl-(4-(2-nitro-ethyl)-phenyl)-amine (1 g, 3.91 mmol) described in Man- 
ufacturing Example 68-1-3 was added lithium methoxide (297 mg, 30.6 mmol). This mixture was stirred for 1 hour at 
room temperature. The mixture was concentrated under a reduced pressure, water in the residue was azeotropically 
distilled with toluene, and that residue was diluted with methylene chloride (15 mL) and tetrahydrofuran (7.6 mL). This 
was cooled to -78°C, and titanium (IV) tetrachloride (945 |xL, 8.6 mmol) was added dropwise into the suspension. This 
mixture was stirred for 1 hour at room temperature. This mixture was cooled to -78°C, and partitioned into ethyl acetate 
and ice water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 
(1.1 g). This compound was used in the following reaction without further purification. 

[Example 69] 3-(3-(4-Phenylamino-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[0856] 
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[0857] To a tetrahydrofuran (3 mL) solution of (4-phenylamino-phenyl)-acetohydroximoyl chloride (150 mg, 0.576 
mmol) described in Manufacturing Example 69-1-4 and 3-ethynyl-pyridin-2-ylamine (43 mg; 0.367 mmol) described in 
Manufacturing Example 1 -2-3 was added triethylamine (201 |xL, 1 .44 mmol) at room temperature, which was stirred for 
7 hours at 50°C. Water was added to the reaction solution at room temperature, which was then extracted with ethyl 
acetate. The organic layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous 
magnesium sulfate. The solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel 
column chromatography (heptane : ethyl acetate = 4 : 1 - 2 : 1) to obtain the title compound (48 mg, 24%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.00 (2H, s), 5.58 (2H, brs), 5.70 (1 H, brs), 6.29 (1 H, s), 6.71 -6.74 (1 H, m), 6.91-6.95 
(1H, m), 7.03-7.07 (4H, m), 7.16-7.19 (2H, m), 7.24-7.28 (2H, m), 7.73-7.75 (1 H, m), 8.11-8.13 (1H, m). 
[0858] The starting material, (4-phenylamino-phenyl)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 69-1-1] 4-Phenylamino-benzaldehyde 




[0860] To a toluene (20 mL) solution of 4-phenylamino-benzonitrile (3 g, 1 5.4 mmol) was added diisobutyl aluminum 
hydride (22.9 mL, 1.01 M toluene solution, 23.1 mmol) under nitrogen atmosphere at-78°C. This mixture was stirred for 
5 hours at room temperature. The mixture was partitioned into ethyl acetate and 20% aqueous Rochelle salt solution. 
After removal of insoluble matter by filtering through a Celite pad, the filtrate was partitioned. The organic layer was 
separated, washed with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The 
filtrate was concentrated under a reduced pressure to obtain the title compound (3 g, 98%). This compound was used 
in the following reaction without further purification. 

[Manufacturing Example 69-1-2] (4-((£)-2-nitro-vinyl)-phenyl)-phenyl-amine 

[0861] 




[0862] A mixture of 4-phenylamino-benzaldehyde (3 g, 15.2 mmol) described in Manufacturing Example 69-1-1, ni- 
tromethane (1.63 mL, 30.4 mmol), ammonium acetate (1.76 g, 22.8 mmol) and acetic acid (30 mL) was stirred for 6 
hours at 1 00°C. This mixture was cooled to room temperature, concentrated under a reduced pressure, and diluted with 
ethyl acetate. The organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 
(3.2 g). This compound was used in the following reaction without being purified. 

[Manufacturing Example 69-1-3] (4-(2-Nitro-ethyl)-phenyl)-phenyl-amine 

[0863] 




[0864] To an acetic acid (3.2 mL) and dimethyl sulfoxide (54 mL) solution of (4-((£)-2-nitro-vinyl)-phenyl)-phenyl-amine 
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(3.2 g, 13.4 mmol) described in Manufacturing Example 69-1-2 was added sodium borohydride (81 1 mg, 21 .4 mmol) at 
room temperature while cooling appropriately. This mixture was stirred for 1 hour at room temperature. The mixture was 
partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified 
by silica gel column chromatography (heptane : ethyl acetate = 4 : 1 - 2 : 1) to obtain the title compound (2.01 g, 62%). 
1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 3.24-3.28(2H, m), 4.56-4.60 (2H, m), 5.81 (1 H, brs), 6.93-6.98 (1 H, m), 7.00-7.12 
(6H, m), 7.24-7.29 (2H, m). 

[Manufacturing Example 69-1-4] (4-Phenylamino-phenyl)-acetohydroximoyl chloride 
[0865] 




[0866] To a methanol (12 ml_) solution of (4-(2-nitro-ethyl)-phenyl)-phenyl-amine (1 g, 4.13 mmol) described in Man- 
ufacturing Example 69-1-3 was added lithium methoxide (314 mg, 8.26 mmol). This mixture was stirred for 1 hour at 
room temperature. The mixture was concentrated under a reduced pressure, water in the residue was azeotropically 
distilled with toluene, and that residue was diluted with methylene chloride (15 mL) and tetrahydrofuran (7.6 ml_). This 
was cooled to -78°C, and titanium (IV) tetrachloride (999 |xL, 9.09 mmol) was added dropwise into the suspension. The 
mixture was stirred for 1 hour at room temperature. This mixture was cooled to -78°C, and partitioned into ethyl acetate 
and ice water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 
(1.2 g). This compound was used in the following reaction without further purification. 

[Example 70] 3-(3-(4-Butyl-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[0867] 




[0868] To a tetrahydrofuran (3 mL) solution of (4-butyl-phenyl)-acetohydroximoyl chloride (150 mg, 0.665 mmol) de- 
scribed in Manufacturing Example 70-1-3 and 3-ethynyl-pyridin-2-ylamine (50 mg, 0.424 mmol) described in Manufac- 
turing Example 1 -2-3 was added triethylamine (232 |xL, 1 .66 mmol) at room temperature, which was stirred for 8 hours 
at 50°C. Water was added to the reaction solution at room temperature, which was then extracted with ethyl acetate. 
The organic layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous magnesium 
sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column 
chromatography (heptane : ethyl acetate = 4 : 1 - 2 : 1 ) to obtain the title compound (55 mg, 1 8%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 0.91-0.94 (3H, m), 1.31-1.40 (2H, m), 1.55-1.63 (2H, m), 2.57-2.61 (2H, m), 4.03 
(2H, s), 5.53 (2H, brs), 6.26 (1 H, s), 6.70-6.73 (1 H, m), 7.14-7.20 (4H, m), 7.71-7.73 (1 H, m), 8.1 1-8.13 (1 H, m). 
[0869] The starting material, (4-butyl-phenyl)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 70-1-1] 1-butyl-4-((£)-2-nitro-vinyl)-benzene 



[0870] 
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[0871] A mixture of 4-n-butylbenzaldehyde (5 g, 30.8 mmol), nitromethane (3.31 mL, 61 .6 mmol), ammonium acetate 
(3.56 g, 46.2 mmol) and acetic acid (50 mL) was stirred for 5 hours at 1 00°C. The mixture was cooled to room temperature, 
concentrated under a reduced pressure, and diluted with ethyl acetate. The organic layer was washed with water and 
saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
under a reduced pressure to obtain the title compound (5.7 g). This compound was used in the subsequent reaction 
without being purified. 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 0.92-0.95(3H, m), 1 .34-1.39(21-1, m), 1 .58-1 .65(2H, m), 2.64-2.68(2H, m), 7.25-7.27 
(2H, m), 7.45-7.48(2H, m), 7.56-7.59(1 H, m),7.98-8.02(1 H, m). 

[Manufacturing Example 70-1-2] 1-Butyl-4-(2-nitro-ethyl)-benzene 



[0873] To an acetic acid (5.7 mL) and dimethyl sulfoxide (95 mL) solution of 1 -butyl-4-((E)-2-nitro-vinyl)-benzene (5.7 
g, 27.8 mmol) described in Manufacturing Example 70-1-1 was added sodium borohydride (1.68 g, 44.5 mmol) at room 
temperature while cooling appropriately. This mixture was stirred for 3 hours at room temperature. The mixture was 
partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified 
by silica gel column chromatography (heptane : ethyl acetate = 4 : 1 - 2 : 1 ) to obtain the title compound (1 .48 g, 26%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 0.90-0.94(3H, m), 1 .31 -1.37(21-1, m), 1 .54-1 .61 (2H, m), 2.56-2.60(2H, m), 3.27-3.30 
(2H, m), 4.57-4.61 (2H, m), 7.10-7.15(4H, m). 

[Manufacturing Example 70-1-3] (4-Butyl-phenyl)-acetohydroximoyl chloride 



[0875] To a methanol (18 mL) solution of 1-butyl-4-(2-nitro-ethyl)-benzene (1.48 g, 7.14 mmol) described in Manu- 
facturing Example 70-1 -2 was added lithium methoxide (542 mg, 14.3 mmol). This mixture was stirred for 1 hour at room 
temperature. The mixture was concentrated under a reduced pressure, water in the residue was azeotropically distilled 
with toluene, and that residue was diluted with methylene chloride (22 mL) and tetrahydrofuran (11 mL). This was cooled 
to -78°C, and titanium (IV) tetrachloride (1.7 mL, 15. 7 mmol) was added dropwise into the suspension. This mixture 
was stirred for 1 hour at room temperature. This mixture was cooled to -78°C, and partitioned into ethyl acetate and ice 
water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous mag- 
nesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound (1 .5 
g). This compound was used in the subsequent reaction without further purification. 



[0872] 




o 



[0874] 
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[Example 71 ] 3-(3-(6-(3-Fluoro-phenoxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0876] 




[0877] To a tetrahydrofuran (4 ml_) solution of 3-ethynyl-pyridin-2-ylamine (20 mg, 0.17 mmol) described in Manufac- 
turing Example 1-2-3 and (6-(3-fluoro-phenoxy)-pyridin-3-yl)-acetohydroximoyl chloride (95 mg, 0.34 mmol) described 
in Manufacturing Example 71-1-4 was added triethylamine (47 |xL, 0.34 mmol), which was stirred for 3 hours at 50°C 
under nitrogen atmosphere. Water was added to the reaction solution at room temperature, which was then extracted 
with ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhy- 
drous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the filtrate was 
purified by NH silica gel column chromatography (ethyl acetate : methanol = 20:1) and further purified by reverse-phase 
high-performance liquid chromatography (using an acetonitrile-water mobile phase containing 0.1 % trifluoracetic acid) 
to obtain the title compound (33 mg, 33%) as a ditrifluoracetic acid salt. 
MS m/e (ESI) (MH + ) 363.01 (MH+) 

[0878] The starting material, (6-(3-fluoro-phenoxy)-pyridin-3-yl)-acetohydroximoyl chloride, was synthesized as fol- 
lows. 

[Manufacturing Example 71-1-1] 5-Bromo-2-(3-fluoro-phenoxy)-pyridine 



[0880] To an N,N-dimethylformamide (100 ml_) solution of 3-fluorophenol (3.30 g, 29.4 mmol) was added sodium 
hydride (1.41 g, 29.4 mmol, 50% in oil), which was stirred for 10 minutes at 0°C. 2, 5-Dibromopyridine (4.64 g, 19.6 mmol) 
was then added to this mixture at 0°C, followed by 7 hours and 45 minutes of stirring at 110°C. Water was added to the 
reaction solution at room temperature, which was then extracted with ethyl acetate. The organic layer was separated, 
washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The 
filtrate was concentrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography 
(heptane : ethyl acetate = 3 : 1) to obtain the title compound (5.81 g, quant.). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm):7.00-7.02(1H, m), 7.08-7.13(31-1, m), 7.43-7.49(1 H, m), 8.09(1 H, dd, J=2.8, 8.8 
Hz), 8.31 (1 H, d, J=2.8 Hz). 

[Manufacturing Example 71-1-2] 6-(3-Fluoro-phenoxy)-pyridine-3-carbaldehyde 



[0879] 




[0881] 
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[0882] To a diethyl ether (1 00 mL) solution of 5-bromo-2-(3-fluoro-pherioxy)-pyridine (5.81 g, 21 .7 mmol) described 
in Manufacturing Example 71-1-1 was added n-butyl lithium (13.8 mL, 1.57 M n-hexane solution, 21.7 mmol) under 
nitrogen atmosphere at -78°C, which was stirred for 40 minutes at-78°C. N,N-Dimethylformamide (2.02 mL, 26.0 mmol) 
was then added to the mixture at -78°C, and stirred for 25 minutes as the temperature was gradually raised to 0°C. 
5 Water was added to the reaction solution at 0°C, which was then extracted with ethyl acetate. The organic layer was 
separated, washed with 1 N aqueous sodium hydroxide solution and saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue 
was purified by silica gel column chromatography (heptane : ethyl acetate = 5 : 1) to obtain the title compound (2.47 g, 
52%). 

J0 1 H-NMR Spectrum (CDCI 3 ) 8 (ppm):6.91-7.01(3H, m), 7.06(11-1, d, J=8.8 Hz), 7.37-7.42(1 H, m), 8.20(1 H, dd, J=2.4, 
8.4 Hz), 8.62(1 H, d, J=2.4 Hz), 9.98(1 H, s). 

[Manufacturing Example 71-1-3] 2-(3-Fluoro-phenoxy)-5-(2-nitro-ethyl)-pyridine 
15 [0883] 



20 




25 

[0884] To an acetic acid (20 mL) solution of 6-(3-fluoro-phenoxy)-pyridine-3-carbaldehyde (2.47g, 1 1 ,4mmol) de- 
scribed in Manufacturing Example 71-1-2 was added nitromethane (3.09 mL, 57.0 mmol) and ammonium acetate (1.76 
g, 22.8 mmol), which was stirred for 6 hours at 100°C. Water was added to the reaction solution at room temperature, 

Jo which was then extracted with ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure. 
To a dimethyl sulfoxide (35 mL) and acetic acid (5 mL) solution of the residue was added sodium borohydride (681 mg, 
17.1 mmol), which was stirred for 40 minutes at room temperature. Sodium hydrogencarbonate and water were added 
to the reaction mixture at room temperature while cooling appropriately, which was then extracted with ethyl acetate. 

35 The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous magnesium 
sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified by NH silica 
gel column chromatography (heptane : ethyl acetate = 2 : 1) to obtain the title compound (1.96 g, 66%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm):3.30(2H, t, J=7.1 Hz), 4.61(2H, t, J=7.1 Hz), 6.86-6.94(4H, m), 7.32-7.38(1 H, m), 
7.58(1 H, dd, J=2.6, 8.4 Hz), 8.07(1 H, d, J=2.2 Hz). 

40 

[Manufacturing Example 71-1-4] (6-(3-Fluoro-phenoxy)-pyridin-3-yl)-acetohydroximoyl chloride 
[0885] 

45 



50 




[0886] To a methanol (20 mL) solution of 2-(3-fluoro-phenoxy)-5-(2-nitro-ethyl)-pyridine (1 .96 g, 7.47 mmol) described 
in Manufacturing Example 71-1-3 was added lithium methoxide (567 mg, 14.9 mmol), which was stirred for 35 minutes 
55 at room temperature. The reaction mixture was concentrated under a reduced pressure. Titanium (IV) tetrachloride (1 .81 
mL, 16.4 mmol) was added under nitrogen atmosphere to a tetrahydrofuran (20 mL) and methylene chloride (20 mL) 
suspension of the residue, and stirred for 1 hour 15 minutes at 0°C. Water was added to the reaction mixture at 0°C, 
which was then extracted with ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium 
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chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure 
to obtain the title compound (2.1 g, quant.). This compound was used in the subsequent reaction without further purifi- 
cation. 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm):3.77(2H, s), 6.87-6.95(4H, m), 7.31-7.38(1 H, m), 7.65(1 H, dd, J=2.6, 8.4 Hz), 8.12 
5 (1 H, d, J=2.6 Hz). 

[Example 72] 3-(3-(6-(4-Fluoro-phenoxymethyl)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 
[0887] 

10 



15 




20 [0888] To a methanol (5.00 mL) solution of 2-(4-fluoro-phenoxymethyl)-5-(2-nitroethyl)-pyridine (50.0 mg, 0.1 81 mmol) 
described in Manufacturing Example 72-1-3 was added lithium methoxide (13.7 mg, 0.362 mmol) under nitrogen atmos- 
phere at room temperature, which was stirred for 30 minutes at room temperature. The solvent was evaporated from 
the reaction mixture undera reduced pressure, and anhydrousdichloromethane (4.00 ml) and anhydrous tetrahydrofuran 
(2.00 ml) were added to the residue. Titanium (IV) chloride (63.7 |xL, 0.579 mmol) was added dropwise into the reaction 

25 mixture on a dry ice-ethanol bath (-78°C), and stirred for 40 minutes at 0°C. Water and ethyl acetate were added to the 
reaction mixture on an ice bath (0°C), and the organic layer was extracted with ethyl acetate. This organic layer was 
washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The 
filtrate was concentrated undera reduced pressure to obtain a crude product (43.0 mg). To a tetrahydrofuran (5.00 mL) 
solution of this crude product (23.0 mg) and 3-ethynyl-pyridin-2-yl amine described in Manufacturing Example 1 -2-3 (3.44 

30 mg, 0.029 mmol) was added triethylamine (12.2 (jlL, 0.083 mmol) at room temperature, which was stirred for 2 hours at 
room temperature. Water was added to the reaction solution at room temperature, which was then extracted with ethyl 
acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous magnesium 
sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column 
chromatography (ethyl acetate : heptane = 1 :2), the mixture was further purified by reverse-phase high-performance 

35 liquid chromatography (using an acetonitrile-water mobile phase containing 0.1 % trifluoracetic acid) to obtain the title 
compound (3.62 mg, 25.4%) as a ditrifluoracetic acid salt. 
MS m/e(ESI)377.18(MH+) 

[0889] The starting material, 2-(4-fluoro-phenoxymethyl)-5-(2-nitro-ethyl)-pyridine, was synthesized as follows. 
40 [Manufacturing Example 72-1-1] 5-Bromo-2-(4-fluoro-phenoxymethyl)-pyridine 
[0890] 




50 

[0891] To an N,N-dimethylformamide (40.0 mL) solution of 4-fluorophenol (3.00 g, 26.8 mmol) was added sodium 
hydride (1 .00 g, 25.0 mmol, 60% in oil) on an ice bath (0°C) under nitrogen atmosphere, which was stirred for 20 minutes 
at room temperature. To the reaction solution was then added amixture of 5-bromo-2-chloromethyl-pyridine hydrochloride 
55 (4.6 g, 22.3 mmol) described in Manufacturing Example 54-1-2 and triethylamine (30.6 mL, 20.4 mmol), which was 
stirred for 1 0 minutes at room temperature. Water and ethyl acetate were added to the reaction mixture, and the organic 
layer was extracted with ethyl acetate. This organic layerwas washed with water and saturated aqueous sodium chloride, 
dried over anhydrous magnesium sulfate, and filtered. The solvent was evaporated from the filtrate under a reduced 
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pressure, and the residue was purified by silica gel column chromatography (ethyl acetate : heptane = 1 : 4) to obtain 
the title compound (4.0 g, 63.6%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 5.10 (2H, s), 6.88-6.91 (2H, m), 6.95-6.99 (2H, m), 7.40-7.42 (1 H, m), 7.81-7.84 
(1 H, m), 8.64-8.65 (1 H, m). 

[Manufacturing Example 72-1-2] 6-(4-Fluoro-phenoxymethyl)-pyridine-3-carbaldehyde 



[0893] To a diethyl ether (100 mL) solution of 5-bromo-2-(4-fluoro-phenoxymethyl)-pyridine (4.00 g, 14.2 mmol) de- 
scribed in Manufacturing Example 72-1-1 was added dropwise n-butyl lithium (2.55 M n-hexane solution, 6.13 mL, 15.6 
mmol) on a dry ice-ethanol bath (-78°C) under nitrogen atmosphere, which was stirred for 40 minutes at -78°C. N,N- 
dimethylformamide (1.32 mL, 17.0 mmol) was then added dropwise and stirred for 5 minutes at -78°C. The reaction 
solution was cooled to room temperature and water was added, followed by extraction with ethyl acetate. The organic 
layer was washed with saturated aqueous sodium chloride, and the solvent was evaporated under a reduced pressure. 
The residue was purified by silica gel column chromatography (ethyl acetate : heptane =1 : 4) to obtain the title compound 
(1 .00 g, 30.5%). 

1 H-NMR Spectrum (CDCI 3 ) 5 ppm): 5.25 (2H, s), 6.91-7.02 (4H, m), 7.71-7.75 (1 H, m), 8.19-8.22 (1 H, m), 9.04-9.05 
(1H, m), 10.12 (1 H, s). 

[Manufacturing Example 72-1-3] 2-(4-Fluoro-phenoxymethyl)-5-(2-nitro-ethyl)-pyridine 



[0895] To an acetic acid (5.00 mL) solution of 6-(4-fluoro-phenoxymethyl)-pyridine-3-carbaldehyde (500 mg, 1.30 
mmol) described in Manufacturing Example 72-1-2 were added nitromethane (923 mg, 15.1 mmol) and ammonium 
acetate (333 mg, 4.32 mmol) under nitrogen atmosphere, which was stirred for 2 hours at 1 05°C. Water and ethyl acetate 
were added to the reaction mixture, and the organic layer was extracted with ethyl acetate. The organic layer was washed 
with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The solvent 
was evaporated from the filtrate under a reduced pressure. Dimethyl sulfoxide (1 0.0 mL) and acetic acid (600 |xL) were 
added to the residue, and sodium borohydride (131 mg,3.46 mmol) was then added at room temperature while cooling 
appropriately. Following 20 minutes of stirring, water was added dropwise at room temperature while cooling appropri- 
ately. The reaction mixture was extracted with ethyl acetate, and the organic layer was washed with water and saturated 
aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a 
reduced pressure, and the residue was purified by NH silica gel column chromatography (ethyl acetate : heptane = 1 : 
1) to obtain the title compound (50 mg, 8.38%). 

1 H-NMFt Spectrum (DMSO-d 6 ) 8 (ppm): 3.36 (2H, t, J=6.8 Hz), 4.96 (2H, t, J=6.8 Hz), 5.40 (2H, s), 7.01-7.05 (2H, m), 
7.16-7.20 (2H, m), 7.84 (1 H, d, J=8.0 Hz), 8.17 (1 H, dd, J=2.0, 8.4 Hz), 8.75 (1 H, s). 



[0892] 




[0894] 
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[Example 73] 3-(3-(4-Phenylaminomethyl-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0896] 




[0897] To a tetrahydrofuran (3 ml_) solution of (4-phenylaminomethyl-phenyl)-acetohydroximoyl chloride (150 mg, 
0.546 mmol) described in Manufacturing Example 73-1 -6 and 3-ethynyl-pyridin-2-ylamine (41 mg, 0.348 mmol) described 
in Manufacturing Example 1 -2-3 was added triethylamine (1 04 |aL, 0.748 mmol), which was stirred for 7 hours at room 
temperature. Water was added to the reaction solution at room temperature, which was then extracted with ethyl acetate. 
The organic layer was washed with water and saturated aqueous sodium chloride and dried over anhydrous magnesium 
sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column 
chromatography (heptane : ethyl acetate = 1 : 1 - 1 : 2) to obtain the title compound (1 1 mg, 6%). 
1 H-NMR Spectrum (CDCI 3 ) S (ppm): 4.05(2H, s), 4.32(2H, s), 5.39(2H, brs), 6.26(1 H, s), 6.62-6.64(2H, m), 6.69-6.74 
(2H, m), 7.15-7.23(51-1, m), 7.34-7.36(2H, m), 7.69-7.72(1H, m), 8.13-8.15(1H, m). 

[0898] The starting material, (4-phenylaminomethyl-phenyl)-acetohydroximoyl chloride, was synthesized as follows. 
[Manufacturing Example 73-1-1] 4-[1,3] Dioxolan-2-ylbenzaldehyde 



[0900] To a tetrahydrofuran (1 00 mL) solution of 2-(4-bromo-phenyl)-1 ,3-dioxolane (8 g, 34.9 mmol) was added drop- 
wise n-butyl lithium (19.6 mL, 2.67 M hexane solution, 52.4 mmol) at -78°C. After 1 hour of stirring at -78°C, N-formyl- 
morpholine (4.42 g, 38.4 mmol) was added to the mixture, and stirred for 3 hours at the same temperature. This mixture 
was partitioned into diethyl ether and water. The organic layer was separated, washed with saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure 
to obtain the title compound (6.3 g). This compound was used in the subsequent reaction without being purified. 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.04-4.1 6(4H, m), 5.89(1 H, s), 7.65-7.67(2H, m), 7.90-7.92(2H, m), 1 0.0(1 H, s). 

[Manufacturing Example 73-1-2] (4-[1,3] Dioxolane-2-yl-benzyl)-phenyl-amine 



[0902] To a tetrahydrofuran (200 mL) solution of 4-[1,3] dioxolane-2-ylbenzaldehyde (6.32 g, 35.5 mmol) described 
in Manufacturing Example 73-1 -1 , aniline (2.08 mL, 35.5 mmol) and acetic acid (1 0.2 mL, 1 78 mmol) was added sodium 
triacetoxyborohydride (15 g, 71 mmol). This mixture was stirred for 1 hour at room temperature. This mixture was 
partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified 
by silica gel column chromatography (heptane : ethyl acetate = 4 : 1) to obtain the title compound (4.16 g, 46%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.02-4.15(51-1, m), 4.35(21-1, s), 5.81 (1 H, s), 6.61-6.63(2H, m), 6. 69-6.73(1 H, m), 



[0899] 




[0901] 
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7.14-7.1 8(2H, m), 7.38-7.40(2H, m), 7.45-7.47(2H, m). 
[Manufacturing Example 73-1-3] 4-Phenylaminomethyl-benzaldehyde 
[0903] 




[0904] To a mixture solution of methanol and tetrahydrofuran (1 :1 , 20 mL) of (4-[1 ,3] dioxolane-2-yl-benzyl)-phenyl- 
amine (4.16 g, 16.3 mmol) described in Manufacturing Example 73-1-2 was added 5N hydrochloric acid (20 mL). This 
mixture was stirred for 1 hour at room temperature. This mixture was neutralized with saturated aqueous sodium hydro- 
gencarbonate solution, and extracted with ethyl acetate. The organic layer was separated, washed with water, dried 
over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the 
title compound (3.5 g). This compound was used in the subsequent reaction without being purified. 
1 H-NMR Spectrum (CDCI 3 ) 6 (ppm): 4.19(1 H, brs), 4.45(2H, s),6.59-6.62(2H, m), 6.72-6.76(1 H, m), 7.15-7.20(21-1, m), 
7.53-7.55(21-1, m), 7.84-7.87(21-1, m),1 0.0(1 H, s). 

[Manufacturing Example 73-1-4] (4-((E)-2-nitro-vinyl)-benzyl)-phenyl-amine 
[0905] 




[0906] A mixture of 4-phenylaminomethyl-benzaldehyde (3.5 g, 16.6 mmol) described in Manufacturing Example 
73-1-3, nitromethane (4.46 mL, 83 mmol), ammonium acetate (2.56 g, 33.2 mmol) and acetic acid (30 mL) was stirred 
for 4 hours at 1 00°C. This mixture was cooled to room temperature, concentrated under a reduced pressure, and diluted 
with ethyl acetate. The organic layer was washed with water andsaturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified 
by silica gel column chromatography (heptane : ethyl acetate = 10:1 -4 : 1 ) to obtain the title compound (1 .53 g, 36%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.1 6(1 H, brs), 4.42(2H, m), 6.60-6.62(21-1, m), 6.72-6.76(1 H, m), 7.1 5-7.1 9(2H, m), 
7.45-7.47(2H, m), 7.51-7.53(2H, m), 7.58(1 H, d, J=13.6Hz), 8.00(1 H, d, J=13.6Hz). 

[Manufacturing Example 73-1 -5] (4-(2-Nitro-ethyl)-benzyl)-phenyl-amine 

[0907] 




[0908] To an acetic acid (1 .5 mL) and dimethyl sulfoxide (26 mL) solution of (4-((£)-2-nitro-vinyl)-benzyl)-phenyl-amine 
(1.53 g, 6.02 mmol) described in Manufacturing Example 73-1-4 was added sodium borohydride (364 mg, 9.63 mmol) 
at room temperature while cooling appropriately. This mixture was stirred for 1 .5 hours at room temperature. This mixture 
was partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 
(1 .5 g). This compound was used in the subsequent reaction without being purified. 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.29-3.33(2H,m), 4.32(2H, s), 4.59-4.62(2H, m), 6.61-6.63(21-1, m), 6.70-6.74(1 H, 
m), 7.15-7.20(41-1, m), 7.33-7.35(2H, m). 
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[Manufacturing Example 73-1-6] (4-Phenylaminomethyl-phenyl)-acetohydroximoyl chloride 



[0909] 




HO 



[0910] To a methanol (24 mL) solution of (4-(2-nitro-ethyl)-benzyl)-phenyl-amine (1.5 g, 5.66 mmol) described in 
Manufacturing Example 73-1 -5 was added lithium methoxide (430 mg, 1 1 .3 mmol). This mixture was stirred for 1 hour 
at room temperature. This mixture was concentrated under a reduced pressure, water in the residue was azeotropically 
distilled with toluene, and that residue was diluted with methylene chloride (25 mL) andtetrahydrofuran (12.5 mL). This 
was cooled to - 78°C, and titanium (IV) tetrachloride (1.99 mL, 18.1 mmol) was added dropwise into the suspension. 
This mixture was stirred for 1 hour at room temperature. This mixture was cooled to -78°C and partitioned into ethyl 
acetate and ice water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title 
compound (1 .5 g). This compound was used in the subsequent reaction without further purification. 

[Example 74] 3-(3-(6-(2-Fluoro-phenoxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamin 



[0912] To a tetrahydrofuran (1 mL) solution of 3-ethynyl-pyridin-2-ylamine (9.0 mg, 0.076 mmol) described in Manu- 
facturing Example 1-2-3 and (6-(2-fluoro-phenoxy)-pyridine-3-yl)-acetohydroximoyl chloride (28 mg) described in Man- 
ufacturing Example 74-1-4 was added triethylamine (21 (j,L, 0.15 mmol), which was stirred for 5 hours at 55°C. The 
mixture was cooled to room temperature and water was added at that temperature, followed by extraction with ethyl 
acetate. The organic layer was washed with saturated aqueous sodium chloride, and was concentrated under a reduced 
pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : heptane = 2 : 1) to obtain 
the title compound as a crude product. This was then purified by reverse-phase high-performance liquid chromatography 
(using an acetonitrile-water mobile phase containing 0.1 % trifluoracetic acid). Triethylamine was added to make the 
solvent basic when concentrating the mobile phase, and the eluate was concentrated under a reduced pressure. The 
resulting residue was washed with water to obtain the title compound (1.0 mg, 4%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.01 (2H, s), 5.53 (2H, brs), 6.27 (1 H, s), 6.73 (1 H, dd, J=4.9, 7.7 Hz), 6.98 (1 H, 
d, J=8.4 Hz), 7.14-7.25 (4H, m), 7.63 (1 H, dd, J=2.4, 8.4 Hz), 7.72 (1 H, dd, J=1 .8, 7.7 Hz), 8.09 (1 H, d, J=2.4 Hz), 
8.14(1 H, dd, J=1.9, 4.9 Hz). 

[0913] The starting material, (6-(2-fluoro-phenoxy)-pyridin-3-yl)-acetohydroximoyl chloride, was synthesized as fol- 
lows. 

[Manufacturing Example 74-1-1] 5-Bromo-2-(2-fluoro-phenoxy)-pyridine 



[0911] 




[0914] 
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F 



[0915] To a mixture of 2-fluorophenol (2.1 g, 19 mmol), 2,5-dibromopyridine (3.0 g, 13 mmol) and N,N-dimethylfor- 
mamide (30 mL) was added sodium hydride (730 mg, 15 mmol, 50% in oil) at 0°C, which was stirred for 10 minutes at 
room temperature. The reaction mixture was then stirred for 5 hours at 11 0°C. The reaction mixture was cooled to room 
temperature and water was added, followed by extraction with ethyl acetate. The organic layer was washed twice with 
water and then washed with saturated aqueous sodium chloride, was concentrated under a reduced pressure. The 
residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 1 5 : 1) to obtain the title compound 
(940 mg, 28%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 6.91-6.93 (1H, m), 7.16-7.24 (4H, m), 7.79 (1 H, ddd, J=0.6, 2.6, 8.6 Hz), 8.17 (1 
H, dd, J=0.6, 2.6 Hz). 

[Manufacturing Example 74-1-2] 6-(2-Fluoro-phenoxy)-pyridine-3-carbaldehyde 
[0916] 




F 



[0917] To a mixture of 5-bromo-2-(2-fluoro-phenoxy)-pyridine (500 mg, 1 .9 mmol) described in Manufacturing Example 
74-1-1 andtetrahydrofuran (7mL) was added n-butyl lithium (1 .7 mL, 1.5 M n-hexane solution, 2.6 mmol) under nitrogen 
atmosphere at -78°C. N, N-dimethylformamide (0.29 mL, 3.7 mmol) was added to the reaction mixture at the same 
temperature, and the temperature was then gradually raised to 0°C. Water was added to the reaction solution, which 
was then extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and was 
concentrated under a reduced pressure. The residue was purified by silica gel column chromatography (heptane : ethyl 
acetate = 2 : 1) to obtain the title compound (210 mg, 53%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 7.12-7.15 (1 H, m), 7.20-7.31 (4H, m), 8.22 (1 H, dd, J=2.4, 8.6 Hz), 8.60 (1 H, dd, 
J=0.6, 2.4 Hz), 9.99 (1 H, d, J=0.6 Hz). 

[Manufacturing Example 74-1-3] 2-(2-Fluoro-phenoxy)-5-(2-nitro-ethyl)-pyridine 
[0918] 



?; 




F 



[091 9] To a mixture of 6-(2-fluoro-phenoxy)-pyridine-3-carbaldehyde (21 0 mg, 0.97 mmol) described in Manufacturing 
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Example 74-1 -2 and acetic acid (3 mL) were added nitromethane (0.39 mL, 7.3 mmol) and ammonium acetate (220 mg, 
2.9 mmol), which was stirred for 3 hours at 100°C. The reaction mixture was cooled to room temperature and water was 
added thereto, followed by extraction with ethyl acetate. The organic layer was washed with saturated aqueous sodium 
chloride and dried over anhydrous magnesium sulfate, and was concentrated under a reduced pressure. A mixture of 

5 dimethyl sulfoxide (3 mL) and acetic acid (0.2 mL) was added to the resulting residue, and sodium borohydride (58 mg, 
1 .5 mmol) was added to the reaction mixture at room temperature while cooling appropriately. The reaction mixture was 
stirred for 10 minutes. Water was added to the reaction solution at room temperature, which was then extracted with 
ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and was concentrated under a 
reduced pressure. The residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 2:1) 

10 to obtain the title compound (150 mg, 61 %). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.28 (2H, t, J=7.1 Hz), 4.59 (2H, t, J=7.1 Hz), 6.97 (1 H, d, J=8.4 Hz), 7.15-7.24 
(4H, m), 7.57 (1H, dd, J=2.6, 8.4 Hz), 8.00 (1H, d, J=2.6 Hz). 

[Manufacturing Example 74-1-4] (6-(2-Fluoro-phenoxy)-pyridin-3-yl)-acetohydroximoyl chloride 

15 

[0920] 



20 




F 



25 

[0921] To a mixture of 2-(2-fluoro-phenoxy)-5-(2-nitro-ethyl)-pyridine (150 mg, 0.59 mmol) described in Manufacturing 
Example 74-1-3 and methanol (1.5 mL) was added lithium methoxide (45 mg, 1.2 mmol) at room temperature, which 
was stirred for 5 minutes at room temperature. The solvent was evaporated from the reaction mixture under a reduced 

so pressure. Titanium (IV) chloride (140 \sL, 1.3 mmol) was added at -78°C to a mixture of the resulting residue, methylene 
chloride (2 mL) and tetrahydrofuran (1 mL), and stirred for 80 minutes at 0°C. The reaction mixture was cooled to -78°C, 
water (1 mL) was added, and the temperature was gradually raised to room temperature. Water was added to the 
reaction solution at room temperature, which was then extracted with ethyl acetate. The organic layer was washed with 
water until the pH was 5, and then washed with saturated aqueous sodium chloride. The organic layer was dried over 

35 anhydrous magnesium sulfate, and was concentrated under a reduced pressure to obtain the title compound (160 mg) 
as a crude product. This compound was used in the subsequent reaction without further purification. 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.74 (2H, s), 6.97 (1 H, d, J=8.4 Hz), 7.15-7.25 (4H, m), 7.63 (1 H, dd, J=2.4, 8.4 
Hz), 8.04 (1 H, d, J=2.0 Hz). 

40 [Example 75] 3-(3-(6-(4-Fluoro-phenoxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[0922] 



50 




[0923] To a mixture of (6-(4-fluoro-phenoxy)-pyridin-3-yl)-acetohydroximoyl chloride (25 mg) described in Manufac- 
turing Example 75-1-4 and tetrahydrofuran (1 mL) were added 3-ethynyl-pyridin-2-ylamine (6.0 mg, 0.051 mmol) de- 
55 scribed in Manufacturing Example 1-2-3 and triethylamine (21 \>L, 0.15 mmol), which was stirred for 5 hours at 55°C. 
The reaction mixture was cooled to room temperature and water was added thereto at that temperature, followed by 
extraction with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and was concen- 
trated under a reduced pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : 
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heptane -2: 1) to obtain the title compound (5.9 mg, 32%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.02 (2H, s), 5.41 (2H, brs), 6.27 (1 H, s), 6.73(1 H, dd, J=4.8, 7.7 Hz), 6.90 (1 H, 
d, J=8.4 Hz), 7.06-7.12 (4H, m), 7.62 (1 H, dd, J=2.6, 8.4 Hz), 7.71 (1 H, dd, J=1 .7, 7.6 Hz), 8.13 (1 H, d, J=2.6 Hz), 
8.16 (1 H, dd, J=1 .7, 4.9 Hz). 

[0924] The starting material, (6-(4-fluoro-phenoxy)-pyridin-3-yl)-acetohydroximoyl chloride, was synthesized as fol- 
lows. 

[Manufacturing Example 75-1-1] 5-Bromo-2-(4-fluoro-phenoxy)-pyridine 



[0926] To a mixture of 4-fluorophenol (2.1 g, 19 mmol), 2,5-dibromopyridine (3.0 g, 13 mmol) and N,N-dimethylfor- 
mamide (30 ml_) was added sodium hydride (730 mg, 15 mmol, 50% in oil) at 0°C, which was stirred for 10 minutes at 
room temperature. The reaction mixture was then stirred for 5 hours at 1 1 0°C. The reaction mixture was cooled to room 
temperature and water was added thereto, followed by extraction with ethyl acetate. The organic layer was washed with 
water twice, and then washed with saturated aqueous sodium chloride, and was concentrated under a reduced pressure, 
and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 15 : 1) to obtain the 
title compound (2.6 g, 75%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 6.83-6.85 (1 H, m), 7.09 (4H, d, J=6.4 Hz), 7.76-7.79 (1 H, m), 8.20 (1 H, dd, J=0.6, 
2.6 Hz). 

[Manufacturing Example 75-1-2] 6-(4-Fluoro-phenoxy)-pyridine-3-carbaldehyde 



[0928] To a mixture of 5-bromo-2-(4-fluoro-phenoxy)-pyridine (940 mg, 3.5 mmol) described in Manufacturing Example 
75-1-1 and tetrahydrofuran (1 0 mL) was added n-butyl lithium (1 .7 mL, 1 .5 M n-hexane solution, 2.6 mmol) under nitrogen 
atmosphere at -78°C, which was stirred for 30 minutes at that temperature. N, N-dimethylformamide (0.54 mL, 7.0 mmol) 
was added to the reaction mixture at the same temperature, and the temperature was gradually raised to 0°C. Water 
was added to the reaction solution, which was then extracted with ethyl acetate. The organic layer was washed with 
saturated aqueous sodium chloride, and was concentrated under a reduced pressure. The residue was purified by silica 
gel column chromatography (heptane : ethyl acetate = 2 : 1) to obtain the title compound (280 mg, 36%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 7.04-7.06 (1 H, m), 7.13-7.15 (4H, m), 8.20 (1 H, ddd, J=0.9, 2.4, 8.6 Hz), 8.61 (1 
H, dd, J=0.6, 2.4 Hz), 9.99 (1 H, d, J=0.6 Hz). 

[Manufacturing Example 75-1-3] 2-(4-Fluoro-phenoxy)-5-(2-nitro-ethyl)-pyridine 



[0925] 




[0927] 




[0929] 
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[0930] To a mixture of 6-(4-fluoro-phenoxy)-pyridine-3-carbaldehyde (150 mg, 0.69 mmol) described in Manufacturing 
Example 75-1 -2 and acetic acid (2 mL) were added nitromethane (0.28 mL, 5.2 mmol) and ammonium acetate (1 60 mg, 
2.1 mmol), which was stirred for 3 hours at 100°C. The reaction mixture was cooled to room temperature and water was 
added thereto, followed by extraction with ethyl acetate. The organic layer was washed with saturated aqueous sodium 
chloride and dried over anhydrous magnesium sulfate, and was concentrated under a reduced pressure. A mixture of 
dimethyl sulfoxide (3 mL) and acetic acid (0.2 mL) was added to the resulting residue, and sodium borohydride (42 mg, 
1 .1 mmol) was added at room temperature while cooling appropriately. The reaction mixture was stirred for 1 0 minutes 
at that temperature. Water was added at room temperature to the reaction solution at room temperature, which was 
then extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and was 
concentrated under a reduced pressure. The residue was purified by NH silica gel column chromatography (heptane : 
ethyl acetate =1:1) to obtain the title compound (130 mg, 70%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 3.28 (2H, t, J=7.1 Hz), 4.60 (2H, t, J=7.1Hz), 6.89 (1 H, dd, J=0.4, 8.4 Hz), 7.09 
(4H, d, J=6.4 Hz), 7.55 (1 H, dd, J=2.6, 8.4 Hz), 8.03 (1 H, d, J=2.2 Hz). 

[Manufacturing Example 75-1-4] (6-(4-Fluoro-phenoxy)-pyridin-3-yl)-acetohydroximoyl chloride 



[0932] To a mixture of 2-(4-fluoro-phenoxy)-5-(2-nitro-ethyl)-pyridine (120 mg, 0.46 mmol) described in Manufacturing 
Example 75-1-3 and methanol (2 mL) was added lithium methoxide (35 mg, 0.91 mmol) at room temperature, which 
was stirred for 5 minutes at room temperature. The reaction mixture was concentrated under a reduced pressure. A 
mixture of methylene chloride (2 mL) and tetrahydrofuran (1 mL) was added to the residue, and titanium (IV) chloride 
(110 |xL, 1.0 mmol) was added to the reaction mixture at-78°Cand stirred for 100 minutes at 0°C. The reaction mixture 
was cooled to 0°C, water (1 mL) was added, and the temperature was gradually raised to room temperature. Water was 
added to the reaction solution, which was then extracted with ethyl acetate. The organic layer was washed with water 
until the pH was 5, and then washed with saturated aqueous sodium chloride. The organic layer was dried over anhydrous 
magnesium sulfate, and was concentrated under a reduced pressure to obtain the title compound (130 mg) as a crude 
product. This compound was used in the subsequent reaction without further purification. 

[Example 76] 3-(3-(4-(Pyridin-3-yloxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0931] 




[0933] 
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[0934] To a methanol (10.0 mL) solution of 3-(4-(2-nitro-ethyl)-phenoxy)-pyridine (819 mg, 3.35 mmol) described in 
Manufacturing Example 76-1-3 was added lithium methoxide (254 mg, 6.70 mmol) under nitrogen atmosphere at room 
temperature, which was stirred for 30 minutes at room temperature. The solvent was evaporated from the reaction 
mixture under a reduced pressure, and anhydrous dichloromethane (15.0 ml) and anhydrous tetrahydrofuran (7.00 mL) 

5 were added to the residue. Titanium (IV) chloride (1.18 mL, 10.7 mmol) was added dropwise to the reaction mixture on 
a dry ice-ethanol bath (-78°C), and stirred for 30 minutes at room temperature. Sodium bicarbonate solution and ethyl 
acetate were added to the reaction mixture on an ice bath (0°C), which was then filtered through a Celite pad. The 
organic layer of the filtrate was extracted with ethyl acetate, and that organic layer was washed with water and saturated 
aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a 

10 reduced pressure to obtain a crude product (400 mg). To a tetrahydrofuran (5.00 mL) solution of this crude product (250 
mg) and 3-ethynyl-pyridin-2-ylamine described in Manufacturing Example 1-2-3 (40.0 mg, 0.339 mmol) was added 
triethylamine (142 |xL, 1 .02 mmol) at room temperature, which was stirred for 3 hours at 60°C. Water was added to the 
reaction solution at room temperature, which was then extracted with ethyl acetate. The organic layer was washed with 
saturated aqueous sodium chloride and dried over an hydrous magnesium sulfate, and the solvent was evaporated under 

is a reduced pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : heptane = 1 : 1), 
the mixture was further purified by reverse-phase high-performance liquid chromatography (using an acetonitrile-water 
mobile phase containing 0.1 % trifluoracetic acid) to obtain the title compound (1 1 .7 mg, 10.0%) as a ditrifluoracetic acid 
salt. 

MS m/e(ESI) 345.13(MH+) 

20 1 H-NMR Spectrum (CD 3 OD) 5 (ppm): 4.17 (2H, s), 6.89 (1 H, s), 7.06-7.10 (1H, m), 7.19-7.22 (2H, m), 7.48-8.50 (2H, 
m), 7.94-7.98 (1H, m), 8.04-8.06 (1H, m), 8.08-8.11 (1 H, m), 8.37-8.39 (1 H, m), 8.55 (1 H, d, J=5.6Hz), 8.60 (1 H, d, 
J=2.8Hz). 

[0935] The starting material, 3-(4-(2-nitro-ethyl)phenoxy)-pyridine, was synthesized as follows. 
25 [Manufacturing Example 76-1-1] 4-(Pyridine-3-yloxy)-benzaldehyde 
[0936] 



30 




35 

[0937] To .an N, N-dimethylformamide (30.0 mL) solution of 3-hydroxypyridine (3.00 g, 31 .5 mmol) and 4-fluoroben- 
zaldehyde (5,08 g, 41 .0 mmol) was added potassium carbonate (8.71 g, 63.0 mmol) under nitrogen atmosphere, which 
was stirred for 17 hours at 70°C. The reaction mixture was then cooled to room temperature and water was added 
thereto, followed by extraction with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, 
40 and the solvent was evaporated under a reduced pressure. The residue was purified by silica gel column chromatography 
(ethyl acetate : heptane = 1 : 1 -> 3 : 1) to obtain the title compound (1.70 g, 27.1%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 7.09-7.1 1 (2H, s), 7.35-7.39 (1 H, m), 7.41 -7.44 (1 H, m), 7.88-7.91 (2H, m), 8.48-8.51 
(2H, m), 9.96 (1 H, s). 

■is [Manufacturing Example 76-1 -2] 3-(4-((£)-2-Nitro-vinyl)-phenoxy)-pyridine 

[0938] 



?; 




55 

[0939] To an acetic acid (17.0 mL) solution of 4-(pyridine-3-yloxy)-benzaldehyde (1.70 g, 8.53 mmol) described in 
Manufacturing Example 76-1-1 were added nitromethane (2.60 g, 42.7 mmol) and ammonium acetate (1.32 g, 17.1 
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mmol) under nitrogen atmosphere, which was stirred for 3 hours at 1 10°C. Water and ethyl acetate were added to the 
reaction solution, and the organic layer was then extracted with ethyl acetate. The organic layer was washed with water 
and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concen- 
trated under a reduced pressure to obtain the title compound (2.00 g) as a crude product. 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 7.12-7.14 (2H, m), 7.48-7.51 (1H, m), 7.57-7.61 (1 H, m), 7.91-7.94 (2H, m), 
8.16-8.19 (2H, m), 8.46-8.47 (2H, m). 

[Manufacturing Example 76-1-3] 3-(4-(2-Nitro-ethyl)-phenoxy)-pyridine 
[0940] 




[0941] To a dimethyl sulfoxide (15.0 mL) solution of 3-(4-((£)-2-nitro-vinyl)-phenoxy)-pyridine (2.00 g, 8.26 mmol) 
described in Manufacturing Example 76-1-2 and acetic acid (2.00 mL) was added sodium borohydride (500 mg, 13.2 
mmol) at room temperature while cooling appropriately under nitrogen atmosphere, which was stirred for 30 minutes at 
room temperature. Water was then added dropwise at room temperature while cooling appropriately. The reaction 
mixture was extracted with ethyl acetate, and the organic layer was washed with water and saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, 
and the residue was purified by NH silica gel column chromatography (ethyl acetate : heptane =1 : 3 -> 1 : 2) to obtain 
the title compound (819 mg, 40.6%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.26 (2H, t, J=6.8Hz), 4.88 (2H, t, J=6.8Hz), 7.17 (2H, d, J=8.4Hz), 7.40 (2H, 
d, J=8.4Hz), 7.68-7.76 (2H, m), 8.23 (1H, s), 8.35 (1 H, d, J=5.2Hz). 

[Example 77] 3-(3-(4-(Thiophen-3-ylinethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[0942] 




[0943] To atetrahydrofuran (3 mL) solution of (4-(thiophen-3-ylmethoxy)-phenyl)-acetohydroximoyl chloride (150 mg, 
0.532 mmol) described in Manufacturing Example 77-1 -4 and 3-ethy nyl-pyridin-2-ylamine (40 mg, 0.339 mmol) described 
in Manufacturing Example 1-2-3 was added triethylamine (185 (j,L, 1.33 mmol), which was stirred for 3 hours at 50°C. 
Water was added to the reaction solution at room temperature, which was then extracted with ethyl acetate. The organic 
layer was washed with water and saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, 
and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column chroma- 
tography (heptane : ethyl acetate =4:1-2:1-1:1) to obtain the title compound (46 mg, 24%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.00(2H, s), 5.06(2H, s), 5.41(21-1, brs), 6.24(1 H, s), 6.69-6.72(1 H, m), 6.93-6.95 
(2H, m), 7.14-7.15(11-1, m), 7.1 9-7.22(2H, m), 7.31 -7.35(2H, m), 7.69-7.71 (1 H, m), 8.13-8.14(1 H, m). 
[0944] The starting material, (4-(thiophen-3-ylmethoxy)-phenyl)-acetohydroximoyl chloride, was synthesized as fol- 
lows. 

[Manufacturing Example 77-1-1] 4-(Thiophen-3-ylmethoxy)-benzaldehyde 
[0945] 
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[0946] To a tetrahydrofuran (250 mL) solution of diethylazodicarboxylate (1 6.1 mL, 40.9 mmol) were added 4-hydroxy- 
benzaldehyde (5 g, 40.9 mmol), 3-thiophene methanol (3.86 mL, 40.9 mmol) and PS-triphenylphosphine (29 g, 1.41 
mmol/g, 40.9 mmol). This mixture was stirred for 7 hours at room temperature. This mixture was concentrated under a 
reduced pressure, and the residue was purified by silica gel column chromatography (heptane : ethyl acetate = 2 : 1) to 
obtain the title compound (3.61 g, 40%). 

1 H-NMR Spectrum (CDCI 3 ) 6 (ppm): 5.17(21-1, s), 7.07-7.09(21-1, m), 7.15-7.17(1 H, m), 7.35-7.39(2H,m), 7.84-7.86(2H, 
m), 9.90(1 H, s). 

[Manufacturing Example 77-1-2] 3-(4-((E)-2-Nitro-vinyl)-phenoxymethyl)-thiophene 
[0947] 




[0948] A mixture of 4-(thiophen-3-ylmethoxy)-benzaldehyde (3.61 g, 1 6.5 mmol) described in Manufacturing Example 
77-1-1, nitromethane (4.44 mL, 82.5 mmol), ammonium acetate (2.54 g, 33 mmol) and acetic acid (36 mL) was stirred 
for 5 hours at 1 00°C. This mixture was cooled to room temperature, concentrated under a reduced pressure, and diluted 
with ethyl acetate. The organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 
(4.1 g). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 5.14(21-1, s), 7.01-7.03(21-1, m), 7.14-7.16(1H, m), 7.34-7.35(1 H, m), 7.37-7.39(1 
H, m), 7.50-7.54(3H, m), 7.96-8.00(1 H, m). 

[Manufacturing Example 77-1-3] 3-(4-(2-Nitro-ethyl)-phenoxymethyl)-thiophene 
[0949] 




[0950] To an acetic acid (4.1 mL) and dimethyl sulfoxide (70 mL) solution of 3-(4-((£)-2-nitro-vinyl)-phenoxymethyl)-thi- 
ophene (4.1 g, 15.7 mmol) described in Manufacturing Example 77-1-2 was added sodium borohydride (950 mg, 25.1 
mmol) at room temperature while cooling appropriately. This mixture was stirred for 1 .5 hours at room temperature. The 
mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried over 
anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue 
was purified by silica gel column chromatography (heptane : ethyl acetate = 4 : 1 - 2 : 1) to obtain the title compound 
(1 .93 g, 47%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 3.24-3.28(2H, m), 4.55^.59(2H, m), 5.05(2H, s), 6.91-6.93(2H, m), 7.1 1 -7.15(3H, 
m), 7.31-7.32(1 H, m), 7.34-7.36(1 H, m). 

[Manufacturing Example 77-1-4] (4-(Thiophen-3-ylmethoxy)-phenyl)-acetohydroximoyl chloride 
[0951] 
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[0952] To a methanol (12 mL) solution of 3-(4-(2-nitro-ethyl)-phenoxymethyl)-thiophene (1 g, 3.8 mmol) described in 
Manufacturing Example 77-1-3 was added lithium methoxide (289 mg, 7.6 mmol). This mixture was stirred for 1.5 hours 
at room temperature. The mixture was concentrated under a reduced pressure, water in the residue was azeotropically 
distilled with toluene, and that residue was diluted with methylene chloride (16 mL) and tetrahydrofuran (8 mL). This 
was cooled to -78°C, and titanium (IV) tetrachloride (1.34 mL, 12.2 mmol) was added dropwise into the suspension. 
This mixture was stirred for 1 hour at room temperature. This mixture was cooled to -78°C and partitioned into ethyl 
acetate and ice water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title 
compound (1.1 g). This compound was used in the subsequent reaction without further purification. 

[Manufacturing Example 78] 3-(3-(4-Cyclopentyloxy-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[0953] 




[0954] To a tetrahydrofuran (3mL) solution of (4-cyclopentyloxy-phenyl)-acetohydroximoyl chloride (150 mg, 0.592 
mmol) described in Manufacturing Example 78-1 -4 and 3-ethynyl-pyridin-2-ylamine described in Manufacturing Example 
1 -2-3 (45 mg, 0.378 mmol) was added triethylamine (206 pi, 1 .48 mmol), which was stirred for 3 hours at 50°C. Water 
was added to the reaction solution at room temperature, which was then extracted with ethyl acetate. The organic layer 
was washed with water and saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, and the 
solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column chromatography 
(heptane : ethyl acetate = 4 : 1 - 2 : 1) to obtain the title compound (44 mg, 22%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 1.57-1.75(21-1, m), 1.75-1.92(6H, m), 3.98(2H, s), 4.71 -4.75(1 H, m), 5.39(2H, brs), 
6.24(1 H, s), 6.69-6.72(1 H, m), 6.82-6.85(2H, m), 7.16-7.18(21-1, m), 7.69-7.71 (1H, m), 8.12-B.14(1H, m). 
[0955] The starting material, (4-cyclopentyloxy-phenyl)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 78-1-1] 4-Cyclopentyloxy-benzaldehyde 

[0956] 



[0957] To a tetrahydrofuran (250 mL) solution of diethylazodicarboxylate (1 6.1 mL, 40.9 mmol) were added 4-hydroxy- 
benzaldehyde (5 g, 40.9 mmol), cyclopentanol (3.71 mL, 40.9 mmol) and triphenylphosphine (1 0.7 g, 40.9 mmol). This 
mixture was stirred for 30 minutes at room temperature. The mixture was concentrated under a reduced pressure, and 
the residue was purified by silica gel column chromatography (heptane : ethyl acetate = 2 : 1 ) to obtain the title compound 
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(4.36 g, 56%). 

1 H-NMRSpectrum (CDCI 3 ) 5 (ppm): 1 .61 -1,70(21-1, m), 1.77-2.00(61-1, m), 4.84-4.87(1 H, m), 6.95-6.98(2H, m), 7.80-7.83 
(2H,m), 9.87(1 H,s). 

[Manufacturing Example 78-1-2] 1-Cyclopentyloxy-4-((E)-2-nitro-vinyl-benzene 
[0958] 



[0959] A mixture of 4-cyclopentyloxy-benzaldehyde (4.36 g, 22.9 mmol) described in Manufacturing Example 78-1-1, 
nitromethane (6.16 ml_, 115 mmol), ammonium acetate (3.53 g, 33 mmol) and acetic acid (45 ml_) was stirred for 14 
hours at 1 00°C. This mixture was cooled to room temperature, concentrated under a reduced pressure, and diluted with 
ethyl acetate. The organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 
(4.8 g). 

1 H-NMRSpectrum (CDCI 3 ) 5 (ppm): 1 .61 -1.66(2H, m), 1 .78-1 .97(6H, m), 4.80-4.84(1 H, m), 6.90-6.93(2H, m), 7.46-7.53 
(3H, m), 7.96-7.99(1 H, m). 

[Manufacturing Example 78-1-3] 1-Cyclopentyloxy-4-(2-nitro-ethyl)-benzene 
[0960] 




[0961] To an acetic acid (4.8 mL) and dimethyl sulfoxide (82 mL) solution of 1-cyclopentyloxy-4-((£)-2-nitro-vinyl- 
benzene (4.8 g, 20.4 mmol) described in Manufacturing Example 78-1 -2 was added sodium borohydride (1 .23 g, 32.6 
mmol) at room temperature while cooling appropriately. The mixture was stirred for 1 .5 hours at room temperature. This 
mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried over 
anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue 
was purified by silica gel column chromatography (heptane : ethyl acetate = 4 : 1 - 2 : 1) to obtain the title compound 
(3.24 g, 68%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 1 .59-1 .65(2H, m), 1 .76-1.92(61-1, m), 3.23-3.27(21-1, m), 4.55-4.58(2H, m), 4.70-4.74 
(1 H, m), 6.80-6.84(2H, m), 7.07-7.11 (2H, m). 

[Manufacturing Example 78-1-4] (4-Cyclopentyloxy-phenyl)-acetohydroximoyl chloride 
[0962] 



HO 



[0963] To a methanol (12 mL) solution of 1-cyclopentyloxy-4-(2-nitro-ethyl)-benzene (1 g, 4.26 mmol) described in 
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Manufacturing Example 78-1 -3 was added lithium methoxide (356 mg, 9.37 mmol). This mixture was stirredfor 1 .5 hours 
at room temperature. The mixture was concentrated under a reduced pressure, water in the residue was azeotropically 
distilled with toluene, and that residue was diluted with methylene chloride (16 mL) and tetrahydrofuran (8 mL). This 
was cooled to -78°C, and titanium (IV) tetrachloride (1.03 mL, 9.37 mmol) was added dropwise into the suspension. 
This mixture was stirred for 1 hour at room temperature. This mixture was cooled to -78°C and partitioned into ethyl 
acetate and ice water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title 
compound (1.1 g). This compound was used in the subsequent reaction without further purification. 

[Example 79] 3-(3-(4-Cyclohexyloxy-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[0964] 




[0965] To a tetrahydrofuran (3 mL) solution of (4-cyclohexyloxy-phenyl)-acetohydroximoyl chloride (150 mg, 0.56 
mmol) described in Manufacturing Example 79-1-4 and 3-ethynyl-pyridin-2-ylamine (42 mg, 0.357 mmol) described in 
Manufacturing Example 1 -2-3 was added triethylamine (1 95 |j±, 1 .4 mmol), which was stirred for 4 hours at 50°C. Water 
was added to the reaction solution at room temperature, which was then extracted with ethyl acetate. The organic layer 
was washed with water and saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, and the 
solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column chromatography 
(heptane : ethyl acetate = 4 : 1 - 2 : 1) to obtain the title compound (37 mg, 1 9%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 1.29-1 .41 (3H, m), 1.47-1 .56(3H, m), 1.79-1 .80(2H, m), 1.96-1. 99(2H, m), 3.99(2H, 
s), 4.18-4.24(1 H, m), 5.38(2H, brs), 6.25(1 H, s), 6.69-6.72(1 H, m), 6.85-6.88(2H, m), 7.12-7.18(21-1, m), 7.69-7.71 (1 
H, m), 8.13-8.14(1 H, m). 

[0966] The starting material, (4-cyclohexyloxy-phenyl)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 79-1-1] 4-Cyclohexyloxy-benzaldehyde 

[0967] 




[0968] To a tetrahydrofuran (250 mL) solution of diethylazodicarboxylate (1 6.1 mL, 40.9 mmol) were added 4-hydroxy- 
benzaldehyde (5 g, 40.9 mmol), cyclohexanol (4.31 mL, 40.9 mmol) and triphenylphosphine (1 0.7 g, 40.9 mmol). This 
mixture was stirred for 30 hours at room temperature. The mixture was concentrated under a reduced pressure, and 
the residue was purified by silica gel column chromatography (heptane : ethyl acetate = 2 : 1 ) to obtain the title compound 
(2.84 g, 34%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 1 .31 -1 .46(4H, m), 1 .53-1.63(21-1, m), 1 .80-1 .86(2H, m), 1 .98-2.02(2H, m), 4.35-4.41 
(1 H, m), 6.97-7.00(2H, m),7.80-7.84(2H, m), 9.87(1 H, s). 

[Manufacturing Example 79-1-2] 1-Cyclohexyloxy-4-((£)-2-nitro-vinyl)-benzene 
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[0970] A mixture of 4-cyclohexyloxy-benzaldehyde (2.84 g, 13.9 mmol) described in Manufacturing Example 79-1-1, 
nitromethane (3.74 ml_, 69.5 mmol), ammonium acetate (2.14 g, 27.8 mmol) and acetic acid (30 ml_) was stirred for 14 
hours at 1 00°C. This mixture was cooled to room temperature, concentrated under a reduced pressure, and diluted with 
ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, dried over anhydrous magnesium 
sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound (3.3 g). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 1 .34-1 .45(3H, m), 1.51-1 .61 (3H, m), 1 .80-1 .82(2H, m), 1 .98-2.00(2H, m), 4.31-4.36 
(1 H, m), 6.91-6.95(2H, m), 7.45-7.50(2H, m),7.53-7.57(1 H, m), 7.96-7.99(1 H, m). 

[Manufacturing Example 79-1-3] 1-Cyclohexyloxy-4-(2-nitro-ethyl)-benzene 



[0972] To an acetic acid (3.3 mL) and dimethyl sulfoxide (55 mL) solution of 1 -cyclohexyloxy-4-((E)-2-nitro-vinyl)-ben- 
zene (3.3 g, 13.1 mmol) described in Manufacturing Example 79-1 -2 was added sodium borohydride (793 mg, 21 mmol) 
at room temperature while cooling appropriately. This mixture was stirred for 1 hour at room temperature. This mixture 
was partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified 
by silica gel column chromatography (heptane : ethyl acetate = 4 : 1) to obtain the title compound (1 .45 g, 44%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 1 .26-1 .43(3H, m), 1.46-1 .58(3H, m), 1 .79-1 .81 (2H,m), 1 .95-1 .98(2H, m), 3.23-3.27 
(2H, m), 4.17-4.24(1 H, m), 4.55-4.58(2H, m), 6.83-6.87(2H, m), 7.08-7.10(21-1, m). 

[Manufacturing Example 79-1-4] (4-Cyclohexyloxy-phenyl)-acetohydroximoyl chloride 



[0974] To a methanol (17 mL) solution of 1-cyclohexyloxy-4-(2-nitro-ethyl)-benzene (1.45 g, 5.82 mmol) described in 
Manufacturing Example 79-1-3 was added lithium methoxide (442 mg, 1 1.6 mmol). This mixture was stirred for 2 hours 
at room temperature. The mixture was concentrated under a reduced pressure, water in the residue was azeotropically 
distilled with toluene, and that residue was diluted with methylene chloride (24 mL) and tetrahydrofuran (12 mL). This 
was cooled to -78°C, and titanium (IV) tetrachloride (1.41 mL, 12;8 mmol) was added dropwise into the suspension. 
This mixture was stirred for 1 .5 hours at room temperature. This mixture was cooled to -78°C and partitioned into ethyl 
acetate and ice water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title 
compound (1 .5g). This compound was used in the subsequent reaction without further purification. 



[0971] 




[0973] 




HO 
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[Example 80] 3-(3-(4-(2-Furan-2-yl-ethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[0975] 




[0976] To an anhydrous tetrahydrofuran (5 mL) solution of 3-ethynyl-pyridin-2-ylamine (33.1 mg, 0.281 mmol) de- 
scribed in Manufacturing Example 1-2-3 was added (4-(2-furan-2-yl-ethyl) phenyl)-acetohydroximoyl chloride (224 mg, 
0.85 mmol) described in Manufacturing Example 80-1 -7 under nitrogen atmosphere at room temperature. Triethylamine 
(0.24 mL, 1.7 mmol) was then added dropwise, followed by 1.5 hours of stirring at 60°C. The reaction mixture was 
partitioned into water and ethyl acetate at room temperature. The organic layer was washed with water and saturated 
aqueous sodium chloride and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced 
pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : heptane =1:9 then 3 : 7) 
to obtain the title compound (39.6 mg, 40.8%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 2.88-2.98 (4H, m), 4.03(2H, s), 5.41 (2H, brs), 5.97 (1 H, d, J=3.2 Hz), 6.25(1 H, 
s), 6.27 (1 H, dd, J=2.0, 3.2 Hz), 6.71 (1 H, dd, J=4.8, 8.0 Hz), 7.15(2H, d, J=8.4 Hz), 7.20 (2H, d, J=8.4 Hz), 7.31 (1 H, 
d, J=2.0 Hz), 7.70 (1 H, dd, J=2.0, 8.0 Hz), 8.13 (1 H, dd, J=2.0, 4.8 Hz). 

[0977] The starting material, ((4-(2-furan-2-yl-ethyl) phenyl)-acetohydroximoyl chloride, was synthesized as follows. 
[Manufacturing Example 80-1-1] 4-((E)-2-furan-2-yl-vinyl)-benzoic acid ethyl ester 



[0979] 60% Sodium hydride (0.48 g, 12 mmol) was suspended in anhydrous tetrahydrofuran (10 mL) under nitrogen 
atmosphere, and diethyl 4-ethoxycarbonyl benzylphosphonate (3.6 g, 12 mmol) prepared from ethyl 4-bromomethyl- 
benzoate and triethylphosphite according to the methods as similar to those of Manufacturing Example 93-1-1 was 
added at room temperature and stirred for 30 minutes at room temperature. Furfural (1 g, 10.4 mmol) was then added 
at room temperature, and stirred for 2 hours at room temperature. The reaction mixture was partitioned into water and 
ethyl acetate on an ice bath (0°C). The organic layer was washed with water and saturated aqueous sodium chloride 
and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue 
was purified by NH silica gel column chromatography (ethyl acetate : heptane = 1 :20) to obtain the title compound (1 .07 
g, 42%). 

1 H-NMFi Spectrum (CDCI 3 ) 5 (ppm): 1 .40 (3H, t, J=5.2Hz), 4.38(2H, q, J=5.2Hz),6.40-6.48 (2H, m), 6.99(1 H, d, J=1 6Hz), 
7.05(1 H, d, J=16Hz), 7.43(1 H, m), 7.50(2H, dd, J=2.0, 6.4Hz), 8.01 (2H, dd, J=2.0, 6.4Hz). 

[Manufacturing Example 80-1-2] 4-(2-Furan-2-yl-ethyl)-benzoic acid ethyl ester 



[0978] 




[0980] 
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[0981] To an anhydrous tetrahydrofuran (25 mL) solution of 4-((E)-2-furan-2-yl-vinyl)-benzoic acid ethyl ester (1.07 
g, 4.4 mmol) described in Manufacturing Example 80-1-1 was added 10% palladium-carbon (50% hydrate, 500 mg), 
which was stirred for 2 hours under a hydrogen atmosphere at room temperature. The reaction product was filtered, 
andthefiltrate was concentrated under a reduced pressure. The residue was purified by silica gel column chromatography 
(f-butylmethyl ether : heptane = 5 : 95) to obtain the title compound (706 mg, 65.4%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 1.39 (3H, t, J=7.2Hz), 2.90-3.08(4H, m), 4.36 (2H, q, J=7.2Hz), 5.94(1 H, m), 6.26 
(1 H, m), 7.21 (2H, d, J=8.0Hz), 7.32 (1 H, m), 7.95(2H, d, J=8.0Hz). 

[Manufacturing Example 80-1-3] (4-(2-Furan-2-yl-ethyl)-phenyl)-methanol 




[0983] To an anhydrous tetrahydrofuran (1 0 mL) solution of ethyl 4-(2-furan-2-yl-ethyl)-benzoic acid ethyl ester (706 
mg, 2.89 mmol) described in Manufacturing Example 80-1-2 was added diisobutyl aluminum hydride (0.97 M toluene 
solution, 7.45 mL, 7.23 mmol) on a dry ice-ethanol bath (-78°C) under nitrogen atmosphere. After 30 minutes of stirring, 
15% aqueous potassium sodium tartrate solution (40 mL) was added to the reaction solution, and stirred for 30 minutes 
at room temperature. Ethyl acetate (100 mL) was added, and the organic layer and water layer were separated. The 
organic layer was washed with water and saturated aqueous sodium chloride and dried over anhydrous magnesium 
sulfate, and the solvent was evaporated under a reduced pressure to obtain the title compound (580 mg, 99%). 
1 H-NMR Spectrum (CDCI 3 ) 6 (ppm): 1 .58 (1 H, t, J=6.0Hz), 2.90-3.00(41-1, m), 4.66 (2H, d, J=6.0Hz), 5.96(1 H,m), 6.27 
(1H, m), 7.17(2H, d, J=8.0Hz), 7.28(2H, d, J=8.0Hz), 7.32(1H,m). 

[Manufacturing Example 80-1-4] 4-(2-Furan-2-yl-ethyl)-benzaldehyde 

[0984] 



H 




[0985] To an ethyl acetate (50 mL) solution of (4-(2-furan-2-yl-ethyl)-phenyl)-methanol (580 mg, 2.87 mmol) described 
in Manufacturing Example 80-1-3 was added activated manganese dioxide (8 g, 92 mmol), which was stirred for 12 
hours at room temperature. The reaction solution was suction filtered through aCelite pad, and washed with ethyl acetate 
(50 mL). The filtrate was concentrated under a reduced pressure to obtain the title compound (480 mg, 83.5%). 
1 H-NMR Spectrum (CDCI 3 ) S (ppm): 2.94-3.08(4H, m), 5.96(1H,m), 6.27(1H,m), 7.32(3H, d, J=8.0Hz), 7.80(2H, d, 
J=8.0Hz), 9.98(1 H,s). 
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[Manufacturing Example 80-1-5] 4-(2-Furan-2-yl-ethyl)-((£)-2-nitro-vinyl)-benzene 
[0986] 
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[0987] To an acetic acid (5 ml_) solution of 4-(2-furan-2-yl-ethyl)-benzaldehyde (480 mg, 2.4 mmol) described in 
Manufacturing Example 80-1-4 were added nitromethane (732 mg, 12 mmol) and ammonium acetate (370 mg, 4.8 
is mmol) under nitrogen atmosphere at room temperature, which was stirred for 2 hours at 120°C. The reaction mixture 
was partitioned into water and ethyl acetate. The organic layer was washed with water and saturated aqueous sodium 
chloride and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure to 
obtain the title compound (554 mg, 95%) as a crude product. 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 2.90-3.08(4H, m), 5.95 (1 H, m), 6.27 (1 H, m), 7.23(2H, d, J=8.0Hz), 7.32(1 H,m), 
20 7.46(2H, d, J=8.0Hz), 7.57(1H, d, J=13.6Hz), 7.99(1H, d, J=13.6Hz). 

[Manufacturing Example 80-1-6] 4-(2-Furan-2-yl-ethyl)-(2-nitro-ethyl)-benzene 

[0988] 

25 



30 




[0989] To a mixed tetrahydrofuran-dimethyl sulfoxide (1:1, 10 mL) solution of 4-(2-furan-2-yl-ethyl)-((£)-2-nitro-vi- 
35 nyl)-benzene (554 mg, 2.28 mmol) described in Manufacturing Example 80-1-5 and acetic acid (0.5 mL) was added 
sodium borohydride (129 mg, 3.42 mmol) at room temperature while cooling appropriately under nitrogen atmosphere, 
which was stirred for 10 minutes at room temperature. Water was added dropwise into this reaction solution at room 
temperature while cooling appropriately. The reaction mixture was partitioned into water and ethyl acetate. The organic 
layer was washed with water and saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, 
40 and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column chroma- 
tography (f-butylmethyl ether: heptane = 5 : 95) to obtain the title compound (300 mg, 53%). 

1 H-NMR Spectrum (CDCI 3 ) § (ppm): 2.88-2.96 (4H, m), 3.29 (2H, t, J=7.2Hz), 4.59 (2H, t, J=7.2Hz), 5.95(1 H, m), 6.27 
(1H, m), 7.10-7.16(41-1, m), 7.32(1H, m) 

45 [Manufacturing Example 80-1-7] (4-(2-Furan-2-yl-ethyl) phenyl)-acetohydroximoyl chloride 

[0990] 




[0991] To a methanol (5 mL) solution of 4-(2-furan-2-yl-ethyl)-(2-nitro-ethyl)-benzene (300 mg, 1.22 mmol) described 
in Manufacturing Example 80-1-6 was added lithium methoxide (92.7 mg, 2.44 mmol) under nitrogen atmosphere at 
room temperature, which was stirred for 30 minutes at room temperature. The reaction mixture was concentrated under 
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a reduced pressure. Anhydrous methylene chloride (7 mL) and anhydrous tetrahydrofuran (3 mL) were added to the 
residue. A titanium (IV) chloride (2.7 ml_,1 M dichloromethane solution 2.7 mmol) was added dropwise into the reaction 
mixture on a dry ice-ethanol bath (-78°C), which was stirred for 45 minutes at 0°C. Water and ethyl acetate were added 
to the reaction mixture on an ice bath (0°C), and the organic layer was separated. This organic layer was washed with 
5 saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, and the solvent was evaporated under 
a reduced pressure to obtain the title compound (324 mg, 100%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 2.88-2.96 (4H, m), 3.77 (2H, s), 5.96(1 H, m), 6.27(1 H, m), 7.15 (2H, d, J= 8.4Hz), 
7.19 (2H, d, J=8.4Hz), 7.32(1 H, m), 7.36 (1 H, s). 

10 [Example 81] 3-(3-(4-(3-Fluoro-phenoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[0992] 



15 



20 




[0993] To a tetrahydrofuran (5.00 mL) solution of (4-(3-fluoro-phenoxy)-phenyl)-acetohydroximoyl chloride (290 mg, 
1.04 mmol) described in Manufacturing Example 81-1-2 and 3-ethynyl-pyridin-2-ylamine described in Manufacturing 

25 Example 1-2-3 (50.0 mg, 0.423 mmol) was added triethylamine (177 |xl_, 1.27 mmol) at room temperature, which was 
stirred for 30 minutes at 60°C. Water was added to the reaction solution at room temperature, which was then extracted 
with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous 
magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica 
gel column chromatography (ethyl acetate : heptane =1 : 5) to obtain the title compound (38.7 mg, 25.3%). 

so 1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.05 (2H, s), 6.27 (2H, brs), 6.70 (1 H, dd, J=3.2, 8.0Hz), 6.79-6.93 (2H, m), 
6.84 (1 H, S), 6.95 (1 H, m), 7.04-7.06 (2H, m), 7.37-7.43 (3H, m), 7.88 (1 H, dd, J=1.6, 8.0Hz), 8.08-8.10 (1 H, m). 
[0994] The starting material, (4-(3-fluoro-phenoxy)-phenyl)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 81-1-1] 1-(3-Fluoro-phenoxy)-4-(2-nitro-ethyl)-benzene 

35 

[0995] 
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[0996] To an N,N-dimethylformamide (30.0 mL) solution of 3-fluorophenol (5.43 g, 48.4 mmol) and 4-fluorobenzalde- 
hyde (3.00 g, 24.2 mmol) was added potassium carbonate (10.1 g, 72.5 mmol) under nitrogen atmosphere, which was 
stirred for 1 6 hours at 80°C. The reaction mixture was cooled to room temperature and water was added, followed by 
extraction with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and the solvent 

so was evaporated under a reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate : 
heptane =1 : 15 -> 1 : 10) to obtain a mixture with the starting material (6.00 g). To an acetic acid (50.0 mL) solution of 
this mixture (6.0 g) were added nitromethane (6.78 g, 1 1 1 mmol) and ammonium acetate (3.42 g, 44.4 mmol) at room 
temperature, which was stirred for 4 hours at 1 1 0°C. Water and ethyl acetate were added to the reaction mixture, and 
the organic layer was extracted with ethyl acetate. The organic layer was washed with water and saturated aqueous 

55 sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure to obtain a crude product (5.5 g). To a dimethyl sulfoxide (40.0 mL) solution of this crude product (5.5 g) and 
acetic acid (5.00 mL) was added sodium borohydride (1 .28 9,33. 9 mmol) at room temperature while cooling appropriately, 
which was stirred for 5 minutes at room temperature. Water was then added dropwise at room temperature while cooling 
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appropriately. The reaction mixture was extracted with ethyl acetate, and the organic layer was washed with water and 
saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
under a reduced pressure, and the residue was purified by IMH silica gel column chromatography (ethyl acetate : heptane 
= 1 : 5) to obtain the title compound (2.10 g, 37.9%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.24 (2H, t, J=6.8Hz), 4.86 (2H, t, J=6.8Hz), 6.78-6.85 (2H, m), 6.94-6.98 (1 H, 
m), 7.03 (2H, d, J=8.0Hz), 7.33 (2H, d, J=8.0Hz), 7.40-7.42 (1 H, m). 

[Manufacturing Example 81-1-2] (4-(3-Fluoro-phenoxy)-phenyl)-acetohydroximoyl chloride 

[0997] 




[0998] To a methanol (10.0 mL) solution of 1-(3-fluoro-phenoxy)-4-(2-nitro-ethyl)-benzene (500 mg, 1.91 mmol) de- 
scribed in Manufacturing Example 81 -1 -1 was added lithium methoxide (1 45 mg, 3.82 mmol) under nitrogen atmosphere 
at room temperature, which was stirred for 30 minutes at room temperature. The solvent was evaporated from the filtrate 
under a reduced pressure, and anhydrous dichloromethane (20.0 mL) and anhydrous tetrahydrofuran (10.0 mL) were 
added to the residue. Titanium (IV) chloride (525 (xL, 4.78 mmol) was added dropwise into the reaction mixture on a dry 
ice-ethanol bath (-78°C), which was stirred for 40 minutes at room temperature. Water and ethyl acetate were added to 
the reaction mixture on an ice bath (0°C), and the organic layer was extracted with ethyl acetate. The organic layerwas 
washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The 
filtrate was concentrated under a reduced pressure to obtain the title compound (490 mg, 91 .7%) as a crude product. 
1 H-NMR Spectrum (DMSO-d e ) 6 (ppm): 3.83 (2H, s), 6.80-6.89 (2H, m), 6.95-7.00 (1 H, m), 7.05 (2H, d, J=8.4Hz), 7.31 
(2H, d, J=8.4Hz), 7.38-7.45 (1 H, m), 11.75 (1 H, s). 

[Example 82]3-(3-(4-(2-(Tetrahydrofuran-2-yl)-ethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 
[0999] 




[1000] To an anhydrous tetrahydrofuran (5 mL) solution of 3-ethynyl-pyridin-2-ylamine described in Manufacturing 
Example 1-2-3 (43.7 mg, 0.37 mmol) was added (4-(2-tetrahydrofuran-2-yl-ethyl) phenyl)-acetohydroximoyl chloride 
(300 mg, 1.12 mmol) described in Manufacturing Example 82-1-6 under nitrogen atmosphere at room temperature. 
Triethylamine (0.31 mL, 2.24 mmol) was then added dropwise and stirred for 2 hours at 60°C. The reaction mixture was 
partitioned into water and ethyl acetate at room temperature. The organic layerwas washed with water and saturated 
aqueous sodium chloride, and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced 
pressure. The residue was purified by silica gel column chromatography (ethyl acetate : heptane =1:9 then 3 : 7) to 
obtain the title compound (68 mg, 53%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 1 .40-1 .55(1 H, m), 1 .70-2.00(5H, m), 2.60-2.80(2H, m), 3.70-3.90(3H, m), 4.02(2H, 
s), 5.41 (2H, brs), 6.25 (1 H, s), 6.70(1 H, dd, J=4.8, 8.0Hz), 7.16-7.24(41-1, m), 7.70 (1 H, dd, J=2.0, 8.0Hz), 8.13 (1 H, 
dd, J=2.0, 4.8Hz). 

[1001] The starting material, (4-(2-tetrahydrofuran-2-yl-ethyl) phenyl)-acetohydroximoyl chloride, was synthesized as 
follows. 
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[Manufacturing Example 82-1-1] 4-(2-(Tetrahydrofuran-2-yl)-ethyl)-benzoic acid ethyl ester 



[1002] 




[1003] To an anhydrous tetrahydrofuran (25 ml_) solution of 4-((E)-2-furan-2-yl-vinyl)-benzoic acid ethyl ester (2.2 g, 
9.39 mmol) described in Manufacturing Example 80-1-1 was added 10% palladium-carbon (50% hydrate, 1 g), which 
was stirred for 6 hours under hydrogen atmosphere at room temperature. The reaction liquid was filtered, and the filtrate 
was concentrated under a reduced pressure to obtain the title compound (2.2 g, 1 00%) as a crude product. 

[Manufacturing Example 82-1-2] (4-(2-(Tetrahydrofuran-2-yl)-ethyl)-phenyl)-methanol 



[1005] To an anhydrous tetrahydrofuran (20 mL) solution of ethyl 4-(2-(tetrahydrofuran-2-yl)-ethyl)-benzoic acid ethyl 
ester (2.2 g, 9.39 mmol) described in Manufacturing Example 82-1-1 was added diisobutyl aluminum hydride (0.97 M 
toluene solution, 24.2 mL, 23.5 mmol) on a dry ice-ethanol bath (-78°C) under nitrogen atmosphere. After stiring for 30 
minutes, 15% aqueous potassium sodium tartrate solution (1 00 mL) was added to the reaction liquid, and stirred for 30 
minutes at room temperature. After addition of ethyl acetate (200 mL), the organic layer and water layer were separated. 
The organic layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous magnesium 
sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by silica gel column 
chromatography (ethyl acetate : heptane =1:9 then 2 : 8) to obtain the title compound (600 mg, 31%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 1.40-1.55 (1 H, m), 1.63 (1 H, t, J=6.0Hz), 1.70-2.00 (5H, m), 2.60-2.80 (2H, m), 
3.70-3.90 (3H, m), 4.66 (2H, d, J=6.0Hz), 7.21 (2H, d, J=8.0Hz), 7.28 (2H, d, J=8.0Hz). 

[Manufacturing Example 82-1-3] 4-(2-(Tetrahydrofuran-2-yl)-ethyl)-benzaldehyde 



[1007] To an ethyl acetate (50 mL) solution of (4-(2-(tetrahydrofuran-2-yl)-ethyl)-phenyl)-methanol (600 mg, 2.91 
mmol) described in Manufacturing Example 82-1-2 was added active manganese dioxide (10 g, 1 15 mmol) .which was 
stirred for 12 hours at room temperature. The reaction liquid was suction filtered through a Celite pad, and washed with 
ethyl acetate (50 mL). The filtrate was concentrated under a reduced pressure to obtain the title compound (565 mg, 95%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 1 .40-1.55 (1 H, m), 1 .70-2.00 (5H, m), 2.60-2.80 (2H, m), 3.70-3.90 (3H, m), 7.37 
(2H, d, J=8.4Hz), 7.80 (2H, d, J=8.0Hz), 9.97 (1 H, s). 



[1004] 




[1006] 
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[Manufacturing Example 82-1-4] 4-(2-(Tetrahydrofuran-2-yl)-ethyl)-((E)-2-nitro-vinyl)-benzene 



[1008] 



0 




[1009] To an acetic acid (10 ml_) solution of 4-(2-(tetrahydrofuran-2-yl)-ethyl)-benzaldehyde (565 mg, 2.77 mmol) 
described in Manufacturing Example 82-1 -3 were added nitromethane (1 .69 g, 27.7 mmol) and ammonium acetate (427 
mg, 5.54 mmol) under nitrogen atmosphere at room temperature, which was stirred for 4 hours at 120°C. The reaction 
mixture was partitioned into water and ethyl acetate. The organic layer was washed with water and saturated aqueous 
sodium chloride, and dried over an hydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure 
to obtain the title compound (646 mg, 94%) as a crude product. 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 1 .40-1.55 (1 H, m), 1 .70-2.00 (5H, m), 2.60-2.80 (2H, m), 3.70-3.90 (3H, m), 7.29 
(2H, d, J=8.0Hz), 7.47 (2H, d, J=8.0Hz), 7.57 (1H, d, J=13.6Hz), 7.99 (1 H, d, J=13.6Hz). 

[Manufacturing Example 82-1-5] 4-(2-(Tetrahydrofuran-2-yl)-ethyl)-(2-nitro-ethyl)-benzene 



[1011] To a mixed tetrahydrofuran-dimethyl sulfoxide (1:1, 10 mL) solution of 4-(2-(tetrahydrofuran-2-yl)-ethyl)-((£)- 
2-nitro-vinyl)-benzene (646 mg, 2.61 mmol) described in Manufacturing Example 82-1-4 and acetic acid (0.6 mL) was 
added sodium borohydride (1 48 mg, 3.92 mmol) at room temperature while cooling appropriately under nitrogen atmos- 
phere, which was stirred for 10 minutes at room temperature. Water was added dropwise into the reaction mixture at 
room temperature while cooling appropriately. The reaction mixture was partitioned into water and ethyl acetate. The 
organic layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous magnesium 
sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH-silica gel column 
chromatography (ethyl acetate : heptane = 2 : 8) to obtain the title compound (421 mg, 65%). 
1 H-NMR Spectrum (CDCI 3 ) S (ppm): 1.40-1.55 (1 H, m), 1.70-2.00 (5H, m), 2.60-2.80 (2H, m), 3.29 (2H, t, J=7.2Hz), 
3.70-3.90 (3H, m), 4.59 (2H, t, J=7.2Hz), 7.11 (2H, d, J=8.4Hz), 7.17 (2H, d, J=8.4Hz) 

[Manufacturing Example 82-1-6] (4-(2-(Tetrahydrofuran-2-yl)-ethyl) phenyl)-acetohydroximoyl chloride 



[1013] To a methanol (5 mL) solution of 4-(2-(tetrahydrofuran-2-yl)-ethyl)-(2-nitroethyl)-benzene (421 mg, 1 .69 mmol) 
described in Manufacturing Example 82-1-5 was added lithium methoxide (128 mg, 3.38 mmol) under nitrogen atmos- 
phere at room temperature, and which was stirred for 30 minutes at room temperature. The reaction mixture was 



[1010] 




[1012] 




CI- 
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concentrated under a reduced pressure. Anhydrous methylene chloride (1 0 mL) and anhydrous tetrahydrofuran (5 mL) 
were added to the residue. A titanium (IV) chloride (1 M dichloromethane solution, 3.7 mL, 3.72 mmol) was added 
dropwise into the reaction mixture on a dry ice-ethanol bath (-78°C), which was stirred for 45 minutes at 0°C. Water and 
ethyl acetate were added to the reaction mixture on an ice bath (0°C), and the organic layer was separated. The organic 
layer was washed with water and saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, 
and the solvent was evaporated under a reduced pressure to obtain the title compound (445 mg, 98%) as a crude product. 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 1.40-1.55 (1 H, m), 1.70-2.00 (5H, m), 2.60-2.80 (2H, m), 3.70-3.90 (3H, m),3.77 
(2H,s), 7.18(4H,brs), 7.51 (1H, brs). 

[Example 83] 3-(3-(4-(2-Fluoro-phenoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 
[1014] 



6 



[1015] To a tetrahydrofuran (10.0 mL) solution of (4-(2-fluoro-phenoxy)-phenyl)-acetohydroximoyl chloride (290 mg, 
1 .04 mmol) described in Manufacturing Example 83-1 -3 and 3-ethynyl-pyridin-2-ylamine (50.0 mg, 0.423 mmol) described 
in Manufacturing Example 1-2-3 was added triethylamine (177 |xL, 1.27 mmol) at room temperature, which was stirred 
for 30 minutes at 60°C. Water was added to the reaction solution at room temperature, which was then extracted with 
ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous mag- 
nesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel 
column chromatography (ethyl acetate : heptane = 1 : 5) to obtain the title compound (57.0 mg, 37.3%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.02 (2H, s), 6.27 (2H, brs), 6.81-6.72 (1 H, m), 6.82 (1 H, s), 6.94 (2H, d, 
J=8.4Hz), 7.13-7.18(1 H, m), 7.20-7.25 (2H, m), 7.33 (2H, d, J=8.4Hz), 7.36-7.41 (1 H, m), 7.87-7.89 (1 H, m), 8.08-8.1 0 
(1 H, m). 

[1016] The starting material, (4-(2-fluoro-phenoxy)-phenyl)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 83-1-1] 4-(2-Fluoro-phenoxy)-benzaldehyde 

[1017] 




[1018] To an N,N-dimethylformamide (30.0 mL) solution of 2-fluorophenol (5.43 g, 48.4 mmol) and 4-fluorobenzalde- 
hyde (3.00 g, 24.2 mmol) was added potassium carbonate (10.1 g, 72.5 mmol) under nitrogen atmosphere, which was 
stirred for 16 hours at 80°C. Water was added to the reaction solution at room temperature, which was then extracted 
with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and the solvent was evaporated 
under a reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate: heptane = 1 : 
15 -» 1 : 10) to obtain the title compound (5.20 g, 99.4%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 7.04 (2H, d, J=8.8Hz), 7.17-7.24 (4H, m), 7.85 (2H, d, J=8.8Hz), 9.91 (1H, s) 

[Manufacturing Example 83-1-2] 1-(2-Fluoro-phenoxy)-4-(2-nitro-ethyl)-benzene 

[1019] 
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[1020] To an acetic acid (30.0 mL) solution of 4-(2-fluoro-phenoxy)-benzaldehyde (3.00 g, 13.9 mmol) described in 
10 Manufacturing Example 83-1-1 were added nitromethane (4.24 g, 69.5 mmol) and ammonium acetate (2.14 g, 27.8 
mmol) under nitrogen atmosphere, which was stirred for 3 hours at 1 10°C. Water and ethyl acetate were added to the 
reaction mixture, and the organic layer was extracted with ethyl acetate. The organic layer was washed with water and 
saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
under a reduced pressure to obtain a crude product (3.60 g). To a dimethyl sulfoxide (50.0 mL) solution of this crude 
is product (3.60 g) and acetic acid (3.00 mL) was added sodium borohydride (789 mg, 20.9 mmol) at room temperature 
while cooling appropriately, which was stirred for 20 minutes at room temperature. Water was then added dropwise at 
room temperature while cooling appropriately. The reaction mixture was extracted with ethyl acetate, and the organic 
layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and 
filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified by NH silica gel column 
20 chromatography (ethyl acetate : heptane = 1 :10^1 : 5) to obtain the title compound (1.80 g, 49.6%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.20 (2H, d, J=7.2 Hz), 4.83 (2H, d, J=7.2 Hz), 6.91-6.93 (2H, m), 7.13-7.17 (1 
H, m), 7.20-7.29 (4H, m), 7.36-7.41 (1 H, m). 

[Manufacturing Example 83-1-3] (4-(2-Fluoro-phenoxy)-phenyl)-acetohydroximoyl chloride 

25 

[1021] 



30 




35 [1022] To a methanol (20.0 mL) solution of 1-(2-fluoro-phenoxy)-4-(2-nitro-ethyl)-benzene (1.80 g, 6.89 mmol) de- 
scribed in Manufacturing Example 83-1 -2 was added lithium methoxide (524 mg, 1 3.8 mmol) under nitrogen atmosphere 
at room temperature, which was stirred for 30 minutes at room temperature. The reaction mixture was concentrated 
under a reduced pressure, and anhydrous dichloromethane (15.0 mL) and anhydrous tetrahydrofuran (5.00 mL) were 
added to the residue. Titanium (IV) chloride (1 .74 mL, 15.8 mmol) was added dropwise into the reaction mixture on a 

40 dry ice-ethanol bath (-78°C), which was stirred for 30 minutes at room temperature. Water, ethyl acetate and tetrahy- 
drofuran were added to the reaction mixture on an ice bath (0°C), and the organic layer was extracted with ethyl acetate. 
This organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium 
sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound (2.00 g, 51 .9%) 
as a crude product. 

45 1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 3.79 (2H, s), 6.93-6.95 (2H, m), 7.16-7.27 (5H, m), 7.28-7.42 (1 H, m), 1 1.73 
(1 H, s). 

[Example 84] 3-(3-(3-Pyridin-2-yl-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



so [1023] 
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[1024] To a mixture of (3-(pyridin-2-yl)-phenyl)-acetohydroximoyl chloride (100 mg) described in Manufacturing Ex- 
ample 84-1-3 and tetrahydrofuran (2 mL) were added 3-ethynyl-pyridin-2-ylamine (10 mg, 0.20 mmol) described in 
Manufacturing Example 1 -2-3 and triethylamine (71 (xL, 0.51 mmol) at room temperature, which was stirred for 2.5 hours 
at 55°C. The reaction mixture was cooled to room temperature, and water was added at that temperature, followed by 
extraction with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and was concen- 
trated under a reduced pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : 
heptane = 2 : 1)to obtain the title compound as a crude product. This was then purified by reverse-phase high-performance 
liquid chromatography (using an acetonitrile-water mobile phase containing 0.1 % trifluoracetic acid) to obtain the title 
compound (7.2 mg, 15%) as a ditrifluoracetic acid salt. 
MS m/e(ESI) 329.20(MH+) 

[1025] The starting material, (3-(pyridin-2-yl)-phenyl)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 84-1-1] 3-Pyridin-2-yl-benzaldehyde 

[1026] 




[1027] To a mixture of 3-bromobenzaldehyde (930 mg, 5.0 mmol) and toluene (10 mL) were added tri-n-butyl (2- 
pyridyl) tin (2.1 g, 5.6 mmol) and bis(triphenylphosphine) palladium (II) chloride (350 mg, 0.50 mmol), and the reaction 
mixture was refluxedfor5 hours. The reaction mixture was cooled to room temperature, and saturated aqueous potassium 
fluoride solution (1 mL) was added at that temperature and stirred for 30 minutes at room temperature. Water and ethyl 
acetate were added to the reaction mixture, which was then filtered through a Celite pad. The organic layer of the filtrate 
was separated and washed with saturated aqueous sodium chloride. The solvent was evaporated under a reduced 
pressure, and the residue was purified by silica gel column chromatography (heptane : ethyl acetate = 2 : 1) to obtain 
the title compound (530 mg, 58%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 7.28-7.32 (1 H, m), 7.65 (1H, t, J=7.7Hz), 7.80-7.82 (2H, m), 7.93-7.95 (1 H, m), 
8.29-8.31 (1H, m), 8.50-8.51 (1 H, m), 8.72-8.74 (1 H, m), 10.12 (1H, s). 

[Manufacturing Example 84-1-2] 2-(3-(2-Nitro-ethyl)-phenyl)-pyridine 

[1028] 
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[1029] To a mixture of 3-pyridin-2-yl-benzaldehyde (290 mg, 1.6 mmol) described in Manufacturing Example 84-1-1 
and acetic acid (5ml_) were added nitromethane (0.65 mL, 12 mmol) and ammonium acetate (370 mg, 4.8 mmol), which 
was stirred for 2 hours at 100°C. The reaction mixture was cooled to room temperature and water was added, followed 
by extraction with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over 

5 anhydrous magnesium sulfate, and the solvent was evaporated undera reduced pressure. A mixture of dimethyl sulfoxide 
(6 mL) and acetic acid (0.4 mL) was added to the resulting residue, and sodium borohydride (97 mg, 2.6 mmol) was 
added at room temperature while cooling appropriately. The reaction mixture was stirred for 10 minutes at the same 
temperature. Water was added to the reaction mixture at room temperature, which was then extracted with ethyl acetate. 
The organic layer was washed with saturated aqueous sodium chloride, and was concentrated under a reduced pressure. 

10 The resulting residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 2 : 1) to obtain 
the title compound (260 mg, 71%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.41 (2H, t, J=7.5Hz), 4.67 (2H, t, J=7.5Hz), 7.24-7.27 (2H, m), 7.44 (1 H, t, J=7.7Hz), 
7.70-7.79 (2H, m), 7.85 (1H, d, J=7.9Hz), 7.90 (1 H, s), 8.68-8.70 (1H, m). 

is [Manufacturing Example 84-1 -3] (3-(Pyridin-2-yl)-phenyl)-acetohydroximoyl chloride 

[1030] 



25 




[1031] To a mixture of 2-(3-(2-nitro-ethyl)-phenyl)-pyridine (260 mg, 1.1 mmol) described in Manufacturing Example 
84-1-2 and methanol (4 mL) was added lithium methoxide (86 mg ; 2.3 mmol) at room temperature, which was stirred 

so for 5 minutes at room temperature. The reaction mixture was concentrated under a reduced pressure. A mixture of 
methylene chloride (6 mL) and tetrahydrofuran (3 mL) was added to the resulting residue, and titanium (IV) chloride 
(400 |xL, 3.6 mmol) was added to the reaction mixture at -78°C and stirred for 60 minutes at 0°C. The reaction mixture 
was cooled to 0°C and saturated aqueous sodium hydrogencarbonate solution was added at that temperature, followed 
by water and ethyl acetate. The reaction mixture was filtered through a Celite pad, and the organic layer of the filtrate 

35 was separated. The organic layer was washed with water and saturated aqueous sodium chloride, and dried over 
anhydrous magnesium sulfate, and was then filtered. The filtrate was concentrated under a reduced pressure to obtain 
the title compound (160 mg) as a crude product. This compound was used in the subsequent reaction without further 
purification. 

40 [Example 85] 3-(3-Biphenyl-3-ylmethyl-isoxazol-5-yl)-pyridin-2-ylamine 
[1032] 




[1033] To a mixture of biphenyl-3-yl-acetohydroximoyl chloride (120 mg) described in Manufacturing Example 85-1 -3 
and tetrahydrofuran (6 mL) were added 3-ethynyl-pyridin-2-ylamine (28 mg, 0.24 mmol) described in Manufacturing 
55 Example 1 -2-3 and triethylamine (200 |xL, 1 .4 mmol) at room temperature, which was stirred for 2.5 hours at 55°C. The 
reaction mixture was cooled to room temperature and water was added at that temperature, followed by extraction with 
ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and was concentrated under a 
reduced pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : heptane = 2:1) 
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to obtain the title compound (27 mg, 34%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 4.13 (2H, s), 5.41 (2H, brs), 6.28 (1 H, s), 6.70 (1 H, dd, J=4.9, 7.7Hz), 7.27 (1 H, 
d, J=7.7Hz), 7.33-7.37 (1 H, m), 7.40-7.46 (3H, m), 7.50 (2H, d, J=6.8Hz), 7.56-7.59 (2H, m), 7.70 (1 H, dd, J=1.8, 
7.7Hz), 8.13 (1 H, dd, J=1 .7, 4.9Hz). 
5 [1034] The starting material, biphenyl-3-yl-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 85-1-1] 3-Phenyl-benzaldehyde 

[1035] 




20 [1036] To a mixture of 3-bromobiphenyl (0.50 mL, 3.0 mmol) and tetrahydrofuran (8 mL) was added n-butyl lithium 
(2.6 mL, 1.5 M n-hexane solution, 3.9 mmol) under nitrogen atmosphere at -78°C, which was stirred for 20 minutes at 
that temperature. N,N-dimethylformamide (0.35 mL, 4.5 mmol) was added to the reaction mixture at the same temper- 
ature, and the temperature was gradually raised to 0°C. Water was added to the reaction mixture, which was then 
extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and was concen- 
ts trated under a reduced pressure. The residue was purified by silica gel column chromatography (heptane : ethyl acetate 
= 6 : 1 ) to obtain the title compound (430 mg, 79%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 7.38-7.42 (1 H, m), 7.46-7.50 (2H, m), 7.60-7.64 (3H, m), 7.86 (2H, dd, J=1.7, 
7.9Hz), 8.11 (1 H,t, J=1.8Hz), 10.09(1 H, s). 

30 [Manufacturing Example 85-1 -2] 3-(2-Nitro-ethyl)-biphenyl 

[1037] 




[1038] To a mixture of 3-phenyl-benzaldehyde (430 mg, 2.4 mmol) described in Manufacturing Example 85-1-1 and 
acetic acid (7 mL) were added nitromethane (0.95 mL, 18 mmol) and ammonium acetate (540 mg, 7.1 mmol), which 

45 was stirred for 2.5 hours at 100°C. The reaction mixture was cooled to room temperature, and water was added at the 
same temperature, followed by extraction with ethyl acetate. The organic layer was washed with saturated aqueous 
sodium chloride and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. 
A mixture of dimethyl sulfoxide (9.3 mL) and acetic acid (0.62 mL) was added to the resulting residue, and sodium 
borohydride (140 mg, 3.8 mmol) was added to the reaction mixture at room temperature while cooling appropriately. 

so The reaction mixture was stirred for 1 0 minutes at the same temperature. Water was added to the reaction solution at 
room temperature, which was then extracted with ethyl acetate. The organic layer was washed with saturated aqueous 
sodium chloride, and was concentrated under a reduced pressure. The resulting residue was purified by NH silica gel 
column chromatography (heptane : ethyl acetate = 5 : 1) to obtain the title compound (380 mg, 71 %). 
1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 3.39 (2H, t, J=7.4Hz), 4.64^.68 (2H, m), 7.18-7.20 (1 H, m), 7.34-7.52 (6H, m), 

55 7.55-7.57 (2H, m). 
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[Manufacturing Example 85-1-3] Biphenyl-3-yl-acetohydroximoyl chloride 
[1039] 




[1040] To a mixture of 3-(2-nitro-ethyl)-biphenyl (380 mg, 1.7mmol) described in Manufacturing Example 85-1-2 and 
methanol (6 mL) was added lithium methoxide (130 mg, 3.4 mmol) at room temperature, which was stirred for 5 minutes 
at room temperature. The solvent was evaporated from the reaction mixture under a reduced pressure. A mixture of 
methylene chloride (7 mL) and tetrahydrofuran (3.5 mL) was added to the resulting residue at room temperature, and 
titanium (IV) chloride (41 0 (jlL, 3.7 mmol) was added at -78°C to the reaction mixture at -78°C, which was stirred for 60 
minutes at 0°C. The reaction mixture was cooled to 0°C, water was added at that temperature, and ethyl acetate was 
then added at room temperature to extract the mixture. The organic layer was washed successively with water, saturated 
aqueous sodium hydrogencarbonate solution and saturated aqueous sodium chloride, and the organic layer was dried 
over magnesium sulfate, and then filtered. The filtrate was concenrtated under a reduced pressure to obtain the title 
compound (420 mg) as raw product. This compound was used in the subsequent reaction without further purification. 

[Example 86] 3-(3-(4-Phenoxymethyl-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[1041] 




[1042] To a tetrahydrofuran (3 mL) solution of (4-phenoxymethyl-phenyl)-acetohydroximoyl chloride (150 mg, 0.545 
mmol) described in Manufacturing Example 86-1-5 and 3-ethynyl-pyridin-2-ylamine (41 mg, 0.348 mmol) described in 
Manufacturing Example 1-2-3 was added triethylamine (104 (aL, 0.747 mmol), which was stirred for 2 hours at 50°C. 
Water was added to the reaction solution at room temperature, which was then extracted with ethyl acetate. The organic 
layer was washed with water and saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, 
and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column chroma- 
tography (heptane : ethyl acetate = 4:1 - 2: 1) to obtain the title compound (39 mg, 20%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.07 (2H, s), 5.05 (2H, s), 5.39 (2H, brs), 6.25 (1 H, s), 6.70-6.73 (1 H, m), 6.95-6.98 
(3H, m), 7.29-7.32 (4H, m), 7.41-7.43 (2H, m), 7.69-7.72 (1 H, m), 8.13-8.15 (1H, m). 

[1043] The starting material, (4-phenoxymethyl-phenyl)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 86-1-1] 1-Bromo-4-phenoxymethyl-benzene 

[1044] 




[1045] To an N,N-dimethylformamide (50 mL) solution of 4-bromobenzyl bromide (5 g, 20 mmol) and phenol (2.26 g, 
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24 mmol) was added potassium carbonate (8.29 g, 60 mmol). This mixture was stirred for 1 hour at room temperature. 
This mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried 
over an hydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue 
was purified by NH-silica gel column chromatography (heptane : ethyl acetate = 4 : 1) to obtain the title compound (4.69 
g, 89%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 5.02 (2H, s), 6.94-6.99 (3H, m), 7.27-7.33 (4H, m), 7.49-7.52 (2H, m). 

[Manufacturing Example 86-1-2] 4-Phenoxymethyl-benzaldehyde 

[1046] 




[1047] To atetrahydrofuran solution (50 ml_) of 1-bromo-4-phenoxymethyl-benzene (4.69 g, 17.8 mmol) described in 
Manufacturing Example 86-1-1 was added dropwise n-butyl lithium (16.8 mL, 1.59 M hexane solution, 26.7 mmol) at 
-78°C. After 40 minutes of stirring at -78°C, N-formylmorpholine (2.25 g, 1 9.6 mmol) was added to this mixture, which 
was then stirred for a further 30 minutes at that temperature. This mixture was partitioned into diethyl ether and water. 
The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous magnesium 
sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound (3.8 g). This 
compound was used in the subsequent reaction without purification. 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 5.16 (2H, s), 6.96-6.99 (3H, m), 7.29-7.33 (2H, m), 7.60-7.62 (2H, m), 7.90-7.92 
(2H,m), 10.0(1 H,s). 

[Manufacturing Example 86-1-3] 1-((£)-2-Nitro-vinyl)-4-phenoxymethyl-benzene 
[1048] 




o 



[1049] A mixture of 4-phenoxymethyl-benzaldehyde described in Manufacturing Example 86-1-2 (3.8 g, 17.8 mmol), 
nitromethane (4.79 mL, 89 mmol), ammonium acetate (2.74 g, 35.6 mmol) and acetic acid (38 mL) was stirred for 3 
hours at 1 00°C. This mixture was cooled to room temperature, concentrated under a reduced pressure, and diluted with 
ethyl acetate. The organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 
(4.1 g). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 5.13 (2H, s), 6.96-7.01 (4H, m), 7.29-7.33 (2H, m), 7.52-7.62 (4H, m), 8.00-8.03 
(1 H, m). 

[Manufacturing Example 86-1-4] 1-(2-Nitro-ethyl)-4-phenoxymethyl-benzene 
[1050] 




o 



[1051] To an acetic acid (4.1 mL) and dimethyl sulfoxide (70 mL) solution of 1-((E)-2-nitro-vinyl)-4-phenoxymethyl- 
benzene (4.1 g, 16.2 mmol) described in Manufacturing Example 86-1 -3 was added sodium borohydride (981 mg, 25.9 
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mmol) at room temperature while cooling appropriately. This mixture was stirred for 1 hour at room temperature. The 
mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried over 
anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue 
was purified by silica gel column chromatography (heptane : ethyl acetate = 4 : 1) to obtain the title compound (2.1 1 g, 
5 51 %). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.21-3.24 (2H, m), 4.B3-4.87 (2H, m), 5.06 (2H, s), 6.91 -6.95 (1 H, m), 6.98-7.01 
(2H, m), 7.27-7.31 (4H, m), 7.38-7.40 (2H, m). 

[Manufacturing Example 86-1-5] (4-Phenoxymethyl-phenyl)-acetohydroximoyl chloride 

10 



15 




HO 



20 [1053] To a methanol solution (12 mL) of 1-(2-nitro-ethyl)-4-phenoxymethyl-benzene described in Manufacturing Ex- 
ample 86-1-4 (1 g, 3.89 mmol) was added lithium methoxide (295 mg, 7.78 mmol). This mixture was stirred for 1 hour 
at room temperature. The mixture was concentrated under a reduced pressure, water in the residue was azeotropically 
distilled with toluene, and that residue was diluted with methylene chloride (16 mL) and tetrahydrofuran (8 mL). This 
was cooled to -78°C, and titanium (IV) tetrachloride (940 (xL, 8.56 mmol) was added dropwise into the suspension. The 

25 mixture was stirred for 1.5 hours at room temperature. This mixture was cooled to -78 D C, and partitioned into ethyl 
acetate and ice water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title 
compound (1 g). This compound was used in the subsequent reaction without further purification. 

so [Example 87] 3-(3-(3-Fluoro-4-(pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[1054] 




[1055] To a methanol (20.0 mL) solution of 2-(2-fluoro-4-(2-nitro-ethyl)-phenoxy)pyridine (500 mg, 1.81 mmol) de- 
45 scribed in Manufacturing Example 87-1 -3 was added lithium methoxide (1 37 mg, 3.61 mmol) under nitrogen atmosphere 
at room temperature, which was stirred for 30 minutes at room temperature. The solvent was evaporated from the 
reaction mixture under a reduced pressure, and anhydrous dichloromethane (15.0 mL) and anhydrous tetrahydrofuran 
(7.00 mL) were added to the residue. Titanium (IV) chloride (656 jjlL, 5.97 mmol) was added dropwise into the reaction 
mixture on a dry ice-ethanol bath (-78°C), which was stirred for 30 minutes at that temperature. Sodium hydrogencar- 
so bonate and ethyl acetate were added to the reaction mixture on an ice cooling (0°C), which was then filtered through a 
Celite pad. The organic layer of the filtrate was extracted with ethyl acetate, and that organic layer was washed with 
water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was 
concentrated under a reduced pressure to obtain a crude product (300 mg). To a tetrahydrofuran (5.00 mL) solution of 
this crude product (1 50 mg) and 3-ethynylpyridin-2-ylamine (30.0 mg, 0.254 mmol) described in Manufacturing Example 
55 1 -2-3 was added triethylamine (1 06 |xL, 0.762 mmol) at room temperature, which was stirred for 30 minutes at 50°C. 
Water was added to the reaction solution at room temperature, which was then extracted with ethyl acetate. The organic 
layer was washed with saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, and the solvent 
was evaporated under a reduced pressure. The residue was purified by NH silica gel column chromatography (ethyl 



199 



EP 1 944 303 A1 



acetate : heptane = 1 : 1), the mixture was further purified by reverse-phase high-performance liquid chromatography 
(using an acetonitrile-water mobile phase containing 0.1% trifluoracetic acid) to obtain the title compound (6.9 mg, 4.49%) 
as a ditrifluoracetic acid salt. 
MS m/e(ESI) 377.15(MH+) 

[1056] The starting material, 2-(2-fluoro-4-(2-nitro-ethyl)-phenoxy) pyridine, was synthesized as follows. 
[Manufacturing Example 87-1-1] 3-Fluoro-4-(pyridin-2-ylmethoxy)-benzaldehyde 



hX OC 



[1058] To an N,N-dimethylformamide (40.0 mL) solution of 2-(hydroxymethyl)-pyridine (3.00 g, 27.5 mmol) was added 
sodium hydride (1 .00 g, 25.0 mmol, 60% in oil) under nitrogen atmosphere at 0°C, which was stirred for 20 minutes at 
room temperature. 3,4-Difluorobenzaldehyde (4.69 g, 33.0 mmol) was then added at 0°C, and stirred for 20 minutes at 
room temperature. Water was added to the reaction solution at room temperature, which was then extracted with ethyl 
acetate. The organic layer was washed with saturated aqueous sodium chloride, and the solvent was evaporated under 
a reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate : heptane = 1 : 1 -» 
2 : 1) to obtain the title compound (2.90 g, 45.6%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 5.36 (2H, s), 7.1 5 (1 H, t, J=8.0Hz), 7.26-7.29 (1 H, m), 7.55 -7.67 (3H, m), 7.74-7.78 
(1 H, m), 8.61-8.63 (1 H, m), 9.86-9.87 (1H, m). 

[Manufacturing Example 87-1-2] 2-(2-Fluoro-4-((£)-2-nitro-vinyl)-phenoxymethyl)-pyridine 
[1059] 



[1060] To an acetic acid (25.0 mL) solution of 3-fluoro-4-(pyridin-2-ylmethoxy)-benzaldehyde (2.80 g, 12.1 mmol) 
described in Manufacturing Example 87-1 -1 were added nitromethane (3.69 g, 60.5 mmol) and ammonium acetate (1 .87 
g, 24.2 mmol) under nitrogen atmosphere at room temperature, which was stirred for 2 hours at 11 0°C. Water and ethyl 
acetate were added to the reaction mixture, and the organic layer was extracted with ethyl acetate. The organic layer 
was washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. 
The filtrate was concentrated under a reduced pressure to obtain the title compound (3.00 g) as a crude product. 
1 H-NMR Spectrum (DMSO-d 6 )S (ppm): 5.35 (2H, s), 7.34-7.40 (2H, s), 7.54-6.84 (1 H, d, J=8.0Hz), 7.67 (1 H, d, J=8.0Hz), 
7.85-7.92 (2H, m), 8.09 (1 H, d, J=1 3.4Hz), 8.19 (1 H, d, J=1 3.4Hz), 8.60 (1 H, d, J=4.0Hz). 

[Manufacturing Example 87-1-3] 2-(2-Fluoro-4-(2-nitro-ethyl)-phenoxymethyl) pyridine 



[1061] 
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[1062] To a dimethyl sulfoxide (30.0 mL) solution of 2-(2-fluoro-4-((E)-2-nitro-vinyl)-phenoxymethyl)-pyridine (3.00 g, 
1 0.9 mmol) described in Manufacturing Example 87-1 -2 and acetic acid (3.00 mL) was added sodium borohydride (660 
mg, 17.4 mmol) at room temperature while cooling appropriately under nitrogen atmosphere, which was stirred for 20 
minutes at room temperature. Water was then added dropwise at room temperature while cooling appropriately. The 
reaction mixture was extracted with ethyl acetate, and the organic layer was washed with water and saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure, and the residue was crystallized with a tetrahydrofuran-ethyl acetate-heptane system and filtered to obtain 
the title compound (1 .50 g, 49.8%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 3.18 (2H, t, J=6.8Hz), 4.84 (2H, t, J=6.8Hz), 5.50 (2H, s), 7.06-7.08 (2H, m), 
7.28-7.31 (1 H, m), 7.65-7.69 (1 H, m), 7.88 (1 H, d, J=8.0Hz), 8.23-8.27 (1 H, m), 8.76 (1 H, J=5.6Hz). 

[Example 88] 3-(3-(4-(Thiazol-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[1063] 




[1064] To 4-(5-(2-amino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (50.0 mg, 0.19 mmol) described in Manufacturing 
Example 5-1 -1 were added tetrahydrofuran (3 mL) and a 5N aqueous sodium hydroxide solution (37.3 (j,L, 0.1 9 mmol), 
which was dissolved by irraidiating ultrasonic wave for 1 minute. The reaction mixture was then concentrated under a 
reduced pressure to obtain a white solid. An N,N-dimethylformamide (1 mL) solution of 2-chloromethyl-thiazole (29.8 
mg, 0.22 mmol) described in Manufacturing Example 88-1 -2 was added to a suspension of this solid and N,N-dimeth- 
ylformamide (2 mL), which was stirred for 1 hour at 60°C. This mixture was cooled to room temperature, and partitioned 
into water and ethyl acetate. The organic layer was separated, washed with water and saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, 
and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 1 : 1) to obtain the title 
compound (53.0 mg, 78%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 3.97 (2H, s), 5.42 (2H, s), 6.25 (2H, brs), 6.68-6.71 (1 H, m), 6.79 (1 H, s), 7.03 
(2H, d, J=8.8Hz), 7.27 (2H, d, J=8.8Hz), 7.77 (1H, d, J=3.2Hz), 7.83 (1 H, d, J=3.2Hz), 7.85-7.88 (1 H, m), 8.08 (1 H, 
dd, J=2.0, 4.8Hz). 

[1065] The starting material, 2-chloromethyl-thiazole. was synthesized as follows. 

[Manufacturing Example 88-1-1] Thiazole-2-yl-methanol 

[1066] 



Or™ 
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[1067] To a mixture of 2-formylthiazole (300 mg, 2.65 mmol) and methanol (30 mL) was added sodium borohydride 
(201.0 mg, 5.30 mmol) at 0°C, which was stirred for 1 hour at room temperature. Water was added to this reaction 
mixture, which was then extracted with ethyl acetate. The organic layer was separated, washed with saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure, and the residue was purified by NH silica gel column chromatography (diethyl ether) to obtain the title compound 
(251.2 mg, 82%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.74 (2H, d, J=6.0Hz), 6.04 (1 H, t, J=6.0Hz), 7.63-7.65 (1 H, m), 7.73-7.75 (1 
H, m). 

[Manufacturing Example 88-1-2] 2-Chloromethyl-thiazole 
[1068] 




[1069] To a mixture of thiazole-2-yl-methanol (251 mg, 2.18 mmol) described in Manufacturing Example 88-1-1 and 
dichloromethane (10 mL) was added thionyl chloride (191 (xL, 2.62 mmol) at room temperature, which was stirred for 
30 minutes. Saturated aqueous sodium hydrogencarbonate solution was added to the reaction mixture, which was then 
extracted with dichloromethane. The organic layer was separated, washed with water and saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure 
to obtain the title compound (220.5 mg, 76%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 5.11 (2H, s), 7.81-7.83 (2H, m). 

[Example 89] 3-(3-(6-(3, 4-Difluoro-benzyloxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[1070] 




[1071] The title compound (23 mg, 17%) was obtained according to the methods similar to those of Example 3 using 
3-ethynyl-pyridin-2-ylamine (40 mg, 0.34 mmol) described in Manufacturing Example 1-2-3 and (6-(3,4-difluoro-benzy- 
loxy)-pyridin-3-yl)-acetohydroximoyl chloride (210 mg, 0.68 mmol) described in Manufacturing Example 89-1-1. 
1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 4.01 (2H, s), 5.32 (2H, s), 6.27 (2H, brs), 6.70 (1 H, ddd, J=2.0, 4.8, 8.0Hz), 
6.83 (1 H, d, J=2.0Hz), 6.88 (1 H, d, J=8.8Hz), 7.28-7.34 (1 H, m), 7.39-7.48 (1 H, m), 7.49-7.56 (1 H, m), 7.68-7.73 (1 
H, m), 7.85-7.89 (1 H, m), 8.08-8.12 (1 H, m), 8.17 (1 H, s). 

[1072] The starting material, (6-(3, 4-difluoro-benzyloxy)-pyridin-3-yl)-acetohydroximoyl chloride was synthesized as 
follows. 

[Manufacturing Example 89-1-1] (6-(3, 4-Difluoro-benzyloxy)-pyridin-3-yl)-acetohydroximoyl chloride 
[1073] 
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[1074] The title compound (81 Omg) was obtained according to the methods similar to those of Manufacturing Examples 
12-1-1 through 12-1-5 using 3,4-difluoro-benzyl alcohol. 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.80 (2H, s), 5.32 (2H, s), 6.89 (1 H, d, J=8.0Hz), 7.29-7.34 (1 H, m), 7.40-7.49 
(1 H, m), 7.50-7.57 (1 H, m), 7.62 (1 H, d, J=8.0Hz), 8.08 (1 H, s), 11.76 (1 H, s). 

[Example 90] 3-(3-(6-(2,4-Difluoro-benzyloxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[1075] 




[1076] The title compound (45 mg, 34%) was obtained according to the methods similar to those of Example 3 using 
3-ethynyl-pyridin-2-ylamine (40 mg, 0.34 mmol) described in Manufacturing Example 1-2-3 and (6-(2,4-difluoro-benzy- 
loxy)-pyridin-3-yl)-acetohydroximoyl chloride (210 mg, 0.68 mmol) described in Manufacturing Example 90-1-1. 
1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 4.01 (2H, s), 5.34 (2H, s), 6.27 (2H, brs), 6.70 (1 H, dd, J=4.B, 8.0Hz), 6.84 (1 
H, S), 6.85 (1 H, d, J=8.0Hz), 7.08-7.14 (1 H, m), 7.26-7.33 (1 H, m), 7.57-7.64 (1 H, m), 7.69 (1 H, dd, J=2.4, 8.0Hz), 
7.87 (1 H, dd, J=2.0, 8.0Hz), 8.09 (1 H, dd, J=2.0, 4.8Hz), 8.18 (1 H, d, J=2.4Hz). 

[1077] The starting material, (6-(2,4-difluoro-benzyloxy)-pyridin-3-yl)-acetohydroximoyl chloride, was synthesized as 
follows. 

[Manufacturing Example 90-1-1] (6-(2,4-Difluoro-benzyloxy)-pyridin-3-yl)-acetohydroximoyl chloride 
[1078] 




[1079] The title compound (600 mg) was obtained according to the methods similar to those of Manufacturing Examples 
12-1-1 through 12-1-5 using 2,4-difluoro-benzyl alcohol. 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 3.80 (2H, s), 5.34 (2H, s), 6.86 (1 H, d, J=8.0Hz), 7.08-7.14 (1 H, m), 7.26-7.33 
(1 H, m), 7.58 (2H, m), 8.09 (1 H, s), 1 1 .75 (1 H, s). 

[Example 91 ] 3-(3-(5-(4-Fluoro-phenoxy)-thiophen-2-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 
[1080] 




[1081] To atetrahydrofuran (5.00 mL) solution of (5-(4-fluoro-phenoxy)-thiophen-2-yl)-acetohydroximoyl chloride (250 
mg, 0.875 mmol) described in Manufacturing Example 91-1-4 and 3-ethynyl-pyridin-2-ylamine (50.0 mg, 0.423 mmol) 
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described in Manufacturing Example 1-2-3 was added triethyiamine (177 |xL, 1.27 mmol) at room temperature, which 
was stirred for 30 minutes at 60°C. Water was added to the reaction solution at room temperature, which was then 
extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over 
anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by 
NH silica gel column chromatography (ethyl acetate : heptane = 1 : 2 -» 1 : 1 ) to obtain the title compound (1 1 .2 mg, 
7.21%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.17 (2H, s), 6.28 (2H, brs), 6.53 (1 H, d, J=4.0Hz), 6.69-6.73 (1 H, m), 6.78 (1 

H, d, J=4.0Hz), 6.88 (1 H, s), 7.13-7.17 (2H, m), 7.20-7.25 (2H, m), 7.88-7.91 (1 H, m), 8.09-8.11 (1 H, m). 

[1082] The starting material, (5-(4-fluoro-phenoxy)-thiophen-2-yl)-acetohydroximoyl chloride, was synthesized as fol- 

[Manufacturing Example 91-1-1] 5-(4-Fluoro-phenoxy)-thiophene-2-carbonitrile 




[1084] To a dimethyl sulfoxide (100 mL) solution of 5-nitro-2-thiophene carbonitrile (5.00 g, 32.4 mmol) were added 
4-fluorophenol (5.45 g, 48.6 mmol) and potassium carbonate (11.2 g, 81.0 mmol) under nitrogen atmosphere, which 
was stirred for 16 hours at 60°C. The reaction solution was cooled to room temperature and water was added, followed 
by extraction with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and the solvent 
was evaporated under a reduced pressure. The residue was purified by NH silica gel column chromatography (ethyl 
acetate : heptane = 1 : 1 0 — > 1 : 5) to obtain the title compound (6.10 g, 85.9%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 6.40 (1H, d, J=4.4Hz), 7.07-7.16 (4H, m), 7.36 (1 H, d, J=4.4Hz). 

[Manufacturing Example 91-1-2] 5-(4-Fluoro-phenoxy)-thiophene-2-carbaldehyde 

[1085] 




[1086] To a tetrahydrofuran (150 mL) solution of 5-(4-fluoro-phenoxy)-thiophene-2-carbonitrile (6.10 g, 27.8 mmol) 
described in Manufacturing Example 91 -1 -1 was added dropwise diisobutyl aluminum hydride (0.97 M n-hexane solution, 
43.0 mL, 41 .7 mmol) on a dry ice-ethanol bath (-78°C)under nitrogen atmosphere, which was stirred for 2 hours at room 
temperature. The reaction solution was added to water, followed by extraction with ethyl acetate. The organic layer was 
washed with saturated aqueous sodium chloride, and the solvent was evaporated under a reduced pressure. The residue 
was purified by silica gel column chromatography (ethyl acetate : heptane = 1 : 5) to obtain the title compound (3.4 g, 
55.0%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 6.48-6.49 (1H, m), 7.08-7.12 (2H, m), 7.16-7.19 (2H, m), 7.52-7.54 (1 H, m), 9.71 
(1 H, s). 

[Manufacturing Example 91-1-3] 2-(4-Fluoro-phenoxy)-5-(2-nitro-ethyl)-thiophene 



[1087] 
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[1088] To an acetic acid (20.0 mL) solution of 5-(4-fluoro-phenoxy)-thiophene-2-carbaldehyde (2.60 g, 1 1 .7 mmol) 
described in Manufacturing Example 91 -1 -2 were added nitromethane (3.57 g, 58.5 mmol) and ammonium acetate (1 .80 

10 g, 23.4 mmol) under nitrogen atmosphere at room temperature, which was stirred for 4 hours at 1 1 0°C. Water and ethyl 
acetate were added to the reaction mixture, and the organic layer was extracted with ethyl acetate. This organic layer 
was washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. 
The filtrate was concentrated under a reduced pressure to obtain a crude product (3.00 g). To a dimethyl sulfoxide (30.0 
mL) solution of this crude product (3.00 g) and acetic acid (3.00 mL) was added sodium borohydride (684 g, 18.1 mol) 

is at room temperature while cooling appropriately, which was stirred for 20 minutes at room temperature. Water was then 
added dropwise at room temperature while cooling appropriately. The reaction mixture was extracted with ethyl acetate, 
and the organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium 
sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified by NH silica 
gel column chromatography (ethyl acetate : heptane =1 : 5) to obtain the title compound (1.38 g, 45.7%). 

20 1H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 3.34 (2H, t, J=6.8Hz), 4.82 (2H, t, J=6.4Hz), 6.50 (1 H, d, J=3.6Hz), 6.69-6.71 
(1 H, m), 7.12-7.16 (2H, m), 7.21-7.26 (2H, m). 

[Manufacturing Example 91-1-4] (5-(4-Fluoro-phenoxy)-thiophen-2-yl)-acetohydroximoyl chloride 
25 [1089] 



30 




[1090] To a methanol (20.0 mL) solution of 2-(4-fluoro-phenoxy)-5-(2-nitro-ethyl)-thiophene (500 mg, 1.87 mmol) 
described in Manufacturing Example 91-1-3 was added lithium methoxide (142 mg, 3.74 mmol) under nitrogen atmos- 

35 phere at room temperature, which was stirred for 30 minutes at room temperature. The solvent was evaporated from 
the reaction mixture under a reduced pressure, and anhydrous dichloromethane (1 0.0 ml) and anhydrous tetrahydrofuran 
(5.00 mL) were added to the residue. Titanium (IV) chloride (514 jj,L, 4.68 mmol) was added dropwise into the reaction 
mixture on a dry ice-ethanol bath (-78°C), which was stirred for 30 minutes at room temperature. Water, ethyl acetate 
and tetrahydrofuran were added to the reaction mixture on an ice cooling (0°C), and the organic layer was extracted 

40 with ethyl acetate. This organic layer was washed with water and saturated aqueous sodium chloride, dried over anhy- 
drous magnesium sulfate, and filtered. The solvent was evaporated from the filtrate under a reduced pressure to obtain 
the title compound (500 mg, 93.6%) as a crude product. 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.95 (2H, s), 6.52 (1 H, d, J=4.0Hz), 6.76 (1 H, d, J=4.0Hz), 7.14-7.26 (4H, m), 
11.82 (1 H, s). 

45 

[Example 92] 3-(3-(5-(4-Methyl-benzyl)-thiophen-2-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 
[1091] 

50 



55 
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[1092] To atetrahydrofuran (5.00 mL) solution of (5-(4-methyl-benzyl)-thiophen-2-yl)-acetohydroximoyl chloride (250 
mg, 0.894 mmol) described in Manufacturing Example 92-1-5 and 3-ethynyl-pyridin-2-ylamine (50.0 mg, 0.423 mmol) 
described in Manufacturing Example 1-2-3 was added triethylamine (177 |xL, 1.27 mmol) at room temperature, which 
was stirred for 2 hours at 60°C. Water was added to the reaction solution at room temperature, which was then extracted 

5 with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous 
magnesium sulfate, and the solvent was ecaporated under a reduced pressure. The residue was purified by NH silica 
gel column chromatography (ethyl acetate : heptane =1 : 3 -> 1 : 2) to obtain the title compound (27.7 mg, 1 8.1 %). 
1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 2.26 (3H, s), 4.02 (2H, s), 4.15 (2H, s), 6.26 (2H, brs), 6.68-6.72 (2H, m), 
6.80-6.81 (1 H, m), 6.84 (1 H, s), 7.08-7.14 (4H, m), 7.88 (1 H, dd, J=2.0, 7.6Hz), 8.09 (1 H, dd, J=2.0, 4.8Hz). 

10 [1093] The starting material, (5-(4-methyl-benzyl)-5-thiophen-2-yl)-acetohydroximoyl chloride, was synthesized as 
follows. 

[Manufacturing Example 92-1-1] (5-Bromo-thiophen-2-yl)-p-tolyl-methanol 
15 [1094] 



20 




25 [1095] To an anhydrous tetrahydrofuran (70.0 mL) solution of 2,5-dibromothiophene (5.00 g, 19.6 mmol) was added 
dropwise n-butyl lithium (2.55 M n-hexane solution, 7.69 mL, 1 9.6 mmol) on a dry ice-ethanol bath (-78°C) under nitrogen 
atmosphere, which was stirred for 20 minutes at -78°C. p-Tolaldehyde (2.35 g, 19.6 mmol) was then added dropwise 
and stirred for 10 minutes at -78°C. The reaction mixture was allowed to room temperature and water was added, 
followed by extraction with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and 

so the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column chromatography 
(ethyl acetate : heptane = 1 : 5 -» 1 : 1 ) to obtain the title compound (4.30 g, 77.5%). 

1 H-NMR Spectrum (CDCI 3 ) 6 (ppm): 2.34 (3H, s), 2.62 (1 H, brs), 5.84 (1 H, d, J=4.0Hz), 6.56-6.57 (1 H, m), 6.84 (1 H, 
d, J=4.0Hz), 7.15-7.17 (2H, m), 7.25-7.27 (2H, m). 

35 [Manufacturing Example 92-1 -2] 5-(4-Methyl-benzyl)-thiophene-2-carbaldehyde 

[1096] 




[1097] To an acetonitrile (50.0 mL) solution of sodium iodide (1 1 .4 g, 76.0 mmol) was added dropwise chlorotrimeth- 
ylsilane (9.65 mL, 76.0 mmol) under nitrogen atmosphere, which was stirred for 1.5 hours at room temperature. The 
reaction solution was cooled to -30°C, and an acetonitrile (1 0.0 mL) solution of (5-bromothiophene-2-yl)-p-tolyl-methanol 
(4.30 g, 15.2 mmol) described in Manufacturing Example 92-1-1 was added dropwise and stirred for 1.5 hours at room 

so temperature. Water was added to the reaction solution, which was then extracted with ethyl acetate. The organic layer 
was washed with saturated aqueous sodium chloride, and the solvent was evaporated under a reduced pressure. The 
residue was purified by silica gel column chromatography (ethyl acetate : heptane =1 : 1 0) to obtain a mixture (4.30 g). 
To a tetrahydrofuran (40.0 mL) solution of this mixture (2.30 g) was added dropwise n-butyl lithium (1 .57 M n-hexane 
solution, 6.03 mL, 9.47 mmol) on a dry ice-ethanol bath (-78°C), which was stirred for 1 0 minutes at -78°C. N,N-dimeth- 

55 ylformamide (864 pi, 1 1 .2 mmol) was then added dropwise at -78°C, and stirred for 5 minutes at -78°C. The reaction 
solution was allowed to room temperature and water was added, followed by extraction with ethyl acetate. The organic 
layer was washed with saturated aqueous sodium chloride, and the solvent was evaporated under a reduced pressure. 
The residue was purified by silica gel column chromatography (ethyl acetate : heptane = 1 : 10) to obtain the title 
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compound (1.05 g, 56.4%). 

1 H-NMRSpectrum (CDCI 3 ) 5 (ppm): 2.33 (3H, s), 4.14(21-1, s), 6.89 (1 H, d, J=3.6Hz), 7.13 (4H, s), 7.59 (1 H, d, J=3.6Hz), 
9.79(1 H, s). 

[Manufacturing Example 92-1-3] 2-(4-Methyl-benzyl)-5-((£)-2-nitro-vinyl)-thiophene 
[1098] 




[1099] To an acetic acid (10.0 mL) solution of 5-(4-methyl-benzyl)-thiophene-2-carbaldehyde (1.05 g, 4.85 mmol) 
described in Manufacturing Example 91 -1 -2 were added nitromethane (1 .48 g, 24.3 mmol) and ammonium acetate (748 
mg, 9.70 mmol) under nitrogen atmosphere at room temperature, which was stirred for 4 hours at 110°C. Water and 
ethyl acetate were added to the reaction mixture, and the organic layer was extracted with ethyl acetate. The organic 
layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and 
filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound (1 .20 g) as a crude product. 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 2.27 (3H, s), 4.16 (2H, s), 7.04 (1 H, d, J=3.6Hz), 7.14-7.18 (4H, m), 7.66 (1 H, 
d, J=3.6Hz), 7.83 (1H, d, J=1 3.2Hz), 8.27 (1H, d,J=13.2Hz). 

[Manufacturing Example 92-1-4] 2-(4-Methyl-benzyl)-5-(2-nitro-ethyl)-thiophene 

[1100] 




[1101] To a dimethyl sulfoxide (20.0 mL) solution of 2-(4-methyl-benzyl)-5-((£)-2-nitro-vinyl)-thiophene (1.20 g, 4.63 
mmol) described in Manufacturing Example 92-1-3 and acetic acid (1 .20 mL) was added sodium borohydride (280 mg, 
7.41 mmol) at room temperature while cooling appropriately under nitrogen atmosphere, which was stirred for 20 minutes 
at room temperature. Water was then added dropwise at room temperature while cooling appropriately. The reaction 
mixture was extracted with ethyl acetate, and the organic layer was washed with water and saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, 
and the residue was crystallized with a tetrahydrofuran-ethyl acetate-heptane system and filtered to obtain the title 
compound (525 mg, 43.4%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 2.26 (3H, s), 3.33 (2H, t, J=6.4Hz), 4.01 (2H, s), 4.78 (2H, t, J=6.4Hz), 6.68-6.69 
(1 H, m), 6.72-6.73 (1 H, m), 7.1 1 (4H, s). 

[Manufacturing Example 92-1-5] (5-(4-Methyl-benzyl)-thiophen-2-yl)acetohydroximoyl chloride 
[1102] 




[1103] To a methanol (20.0 mL) solution of 2-(4-methyl-benzyl)-5-(2-nitro-ethyl)-thiophene described in Manufacturing 
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Example 92-1-4 (525 mg, 2.01 mmol) was added lithium methoxide (153 mg, 4.02 mmol) under nitrogen atmosphere 
at room temperature, which was stirred for 30 minutes at room temperature. The reaction mixture was concentrated 
under a reduced pressure, and anhydrous dichloromethane (20.0 mL) and anhydrous tetrahydrofuran (10.0 ml) were 
added to the residue. Titanium (IV) chloride (582 |xL, 5.30 mmol) was added dropwise into the reaction mixture on a dry 
ice-ethanol bath (-78°C), which was then stirred for 30 minutes at room temperature. Water, ethyl acetate and tetrahy- 
drofuran were added to the reaction mixture on an ice bath (0°C), and the organic layer was separated. This organic 
layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and 
filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound (520 mg, 92.5%) as a crude 
product. 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 2.26 (3H, s), 3.93 (2H, s), 4.02 (2H, s), 6:71 (1H, d, J=3.2Hz), 6.78 (1 H, d, 
J=3.2Hz), 7.09-7.15 (4H, m), 1 1 .76 (1 H, s). 

[Example 93] 3-(3-(4-(2-Pyridin-2-yl-ethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 
[1104] 




[1105] To an anhydrous tetrahydrofuran (5 mL) solution of 3-ethynyl-pyridin-2-ylamine (39 mg, 0.33 mmol) described 
in Manufacturing Example 1-2-3 was added (4-(2-pyridin-2-yi-ethyl)-phenyl)-acetohydroximoyl chloride hydrochloride 
(310 mg, 1.0 mmol) described in Manufacturing Example 93-1-8 under nitrogen atmosphere at room temperature. 
Triethylamine (0.42 mL, 3.0 mmol) was then added dropwise, and stirred for 2 hours at 60°C.The reaction mixture was 
partitioned into water and ethyl acetate at room temperature. The organic layer was washed with water and saturated 
aqueous sodium chloride and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced 
pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : heptane = 3:7 then 4 : 6), 
and the resulting crude product was further purified by silica gel thin-layer chromatography (ethyl acetate) to obtain the 
title compound (21.2 mg, 18%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.00-3.16 (4H, m), 4.02 (2H, s), 5.42 (2H, brs), 6.25 (1 H, s), 6.71 (1 H, dd, J=4.8, 
8.0Hz), 7.10-7.25 (6H, m), 7.55-7.60 (1H, m), 7.70 (1H, dd, J=2.0, 8.0Hz), 8.13 (1 H, dd, J=2.0, 4.8Hz), 8.56(1 H, m). 
[1106] The starting material, (4-(2-pyridin-2-yl-ethyl)phenyi)-acetohydroximoyl chloride hydrochloride, was synthe- 
sized as follows. 

[Manufacturing Example 93-1-1] Diethyl 4-methoxycarbonyl benzylphosphonate 
[1107] 



O 




[1108] Methyl 4-(bromomethyl) benzoate (50 g, 218 mmol) and triethyl phosphite (43.5 g, 262 mmol) were mixed, 
stirred for 30 minutes at 100°C and then stirred for 30 minutes at 120°C. The reaction solution was evaporated under a 
reduced pressure (165-175°C, 1 mmHg) to obtain the title compound (58.6 g, 94%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 1.24 (6H, t, J=7.2Hz), 3.20 (2H, d, J=22Hz), 3.91 (3H, s), 3.98-4.1 8 (4H, m), 7.38 
(2H, dd, J=2.4, 8.4Hz), 7.99 (2H, J=8.4Hz). 
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[Manufacturing Example 93-1-2] Methyl 4-(2-pyridin-2-yl-ethylenyl) benzoate 



[1109] 




[1110] Sodium hydride (0.97 g, 24.2 mmol, 60% in oil) was suspended in anhydrous tetrahydrofuran (20 ml_) under 
nitrogen atmosphere, diethyl 4-methoxycarbonyl benzylphosphonate (6.96 g, 24.2 mmol) described in Manufacturing 
Example 93-1-1 was added at room temperature, and methanol (0.5 mL) was added followed by 30 minutes of stirring 
at room temperature. Next, 2-pyridinecarboxyaldehyde (2 g, 18.7. mmol) was added at room temperature and stirred 
for 1 hour at room temperature. The reaction mixture was partitioned into water and ethyl acetate on an ice bath (0°C). 
The organic layer was washed with water and saturated aqueous sodium chloride and dried over anhydrous magnesium 
sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by silica gel column 
chromatography (ethyl acetate : heptane =1 : 9) to obtain the title compound (3.71 g, 83%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 3.93 (3H, s), 7.19 (1H, dd, J=4.8, 7.6Hz), 7.27 (1H, d, J=16Hz), 7.41 (1 H, d, 
J=7.6Hz), 7.63 (2H, d, J=8.8Hz), 7.66 (1 H, d, J=1 6Hz), 7.69 (1 H, t, J=8.0Hz), 8.05 (2H, d, J=8.8Hz), 8.63 (1 H, d, J=4.8Hz). 

[Manufacturing Example 93-1-3] Methyl 4-(2-pyridin-2-yl-ethyl) benzoate 



[1112] To an anhydrous tetrahydrofuran (25 mL) solution of methyl 4-(2-pyridin-2-yl-ethylenyl) benzoate (3.71 g, 15.5 
mmol) described in Manufacturing Example 93-1-2 was added 10% palladium-carbon (50% hydrate, 1 g), which was 
stirred under hydrogen atmosphere for 2 hours at room temperature. The reaction mixture was filtered, and the filtrate 
was concentrated under a reduced pressure to obtain the title compound (3.71 g, 99%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 3.1 1 (4H, m), 3.90 (3H, s), 7.04 (1 H, d, J=7.6Hz), 7.12 (1 H, dd, J=6.0, 7.6Hz), 
7.24 (2H, d, J=8.4Hz), 7.55 (1 H, t, J=7.6Hz), 7.94 (2H, d, J=8.4Hz), 8.56 (1 H, d, J=6.0Hz). 

[Manufacturing Example 93-1-4] 4-(2-Pyridin-2-yl-ethyl) benzyl alcohol 



[1114] To an anhydrous tetrahydrofuran (50 mL) solution of methyl 4-(2-pyridin-2-yl-ethyl) benzoate (3.71 g, 15.4 
mmol) described in Manufacturing Example 93-1-3 was added diisobutyl aluminum hydride (0.97 M toluene solution, 
39.7 mL, 38.5 mmol) on a dry ice-ethanol bath (-78°C) under nitrogen atmosphere. After 30 minutes of stirring, 15% 



[1111] 




[1113] 
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aqueous potassium sodium tartrate solution (1 00 mL) was added to the reaction mixture, and stirred for 30 minutes at 
room temperature. Ethyl acetate (1 00 mL) was added, and the organic layer and water layer were separated. The organic 
layer was washed with water and saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, 
and the solvent was evaporated under a reduced pressure to obtain the title compound (3.1 6 g, 96%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 1.79 (1 H, brs), 3.07 (4H, m), 4.66 (2H, s), 7.07 (1H, d, J=7.6Hz), 7.12 (1H, dd, 
J=6.0, 7.6Hz), 7.19 (2H, d, J=8.0Hz), 7.28 (2H, d, J=8.0Hz), 7.57 (1 H, t, J=7.6Hz), 8.56 (1 H, d, J=6.0Hz). 

[Manufacturing Example 93-1-5] 4-(2-Pyridin-2-yl-ethyl) benzaldehyde 

[1115] 



H 




[1116] To an ethyl acetate (100 mL) solution of 4-(2-pyridin-2-yl-ethyl) benzyl alcohol (3.16 g, 14.8 mmol) described 
in Manufacturing Example 93-1-4 was added activated manganese dioxide (45 g, 518 mmol), which was stirred for 4 
hours at room temperature. The reaction mixture was filtered through a Celite pad, and washed with ethyl acetate (1 00 
mL). The filtrate was concentrated under a reduced pressure to obtain the title compound (2.57 g, 82%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.10-3.20 (4H, m), 7.07 (1H, d, J=7.6Hz), 7.12 (1 H, dd, J=6.0, 7.6Hz), 7.34 (2H, 
d, J=8.0Hz), 7.57 (1H, t, J=7.6Hz), 7.79 (2H, d, J=8.0Hz), 8.56 (1H, d, J=6.0Hz), 9.97 (1 H, s). 

[Manufacturing Example 93-1-6] 4-(2-Pyridin-2-yl-ethyl)-((£)-2-nitro-vinyi)-benzene 

[1117] 




[1118] To an acetic acid (30 mL) solution of 4-(2-pyridin-2-yl-ethyl) benzaldehyde (2.57 g, 12.2 mmol) described in 
Manufacturing Example 93-1-5 were added nitromethane (7.45 g, 122 mmol) and ammonium acetate (1.88 g, 24.4 
mmol) under nitrogen atmosphere at room temperature, which was stirred for 3 hours at 120°C. The reaction mixture 
was partitioned into water and ethyl acetate. The organic layer was washed with water and saturated aqueous sodium 
chloride and dried over anhydrous magnesium sulfate, and the solvent was evaporation under a reduced pressure to 
obtain the title compound (2.83 g, 91 %) as a raw product, 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 3.10-3.20 (4H, m), 7.07 (1H, d, J=7.6Hz), 7.12 (1 H, dd, J=6.0, 7.6Hz), 7.26 (2H, 
d, J=8.0Hz), 7.45 (2H, d, J=8.0Hz), 7.56 (1 H, d, J=13.6Hz), 7.57 (1 H, t, J=7.6Hz), 7.98 (1 H, d, J=13.6Hz), 8.56 (1 H, 
d, J=6.0Hz). 

[Manufacturing Example 93-1-7] 4-(2-Pyridin-2-yl-ethyl)-(2-nitro-ethyl)-benzene 
[1119] 
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[1120] To a mixed tetrahydrofuran-dimethyl sulfoxide (1:1) solution of 4-(2-pyridin-2-yl-ethyl)-((E)-2-nitro-vinyl)-ben- 
zene (2.83 g, 1 1.1 mmol) described in Manufacturing Example 93-1-6 and acetic acid (3 mL) was added sodium boro- 
hydride (630 mg, 16.7 mmol) at room temperature while cooling appropriately under nitrogen atmosphere, which was 
stirred for 15 minutes at room temperature. Water was added dropwise into this reaction mixture at room temperature 
while cooling appropriately. The reaction mixture was partitioned into water and ethyl acetate. The organic layer was 
washed with water and saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, and the solvent 
was evaporated under a reduced pressure. The residue was purified by NH silica gel column chromatography (ethyl 
acetate : heptane = 1:9 then 2 : 8) to obtain the title compound (2.1 1 g, 74%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.07 (2H, t, J=7.6Hz), 3.29 (2H, t, J=7.2Hz), 3.47 (2H, t, J=7.6Hz), 4.60 (2H, t, 
J=7.2Hz), 7.13 (2H, d, J=8.0Hz), 7.19 (2H, d, J=8.0Hz), 7.19 (1 H, d, J=7.6Hz), 7.30 (1 H, dd, J=6.0, 7.6Hz), 7.78 (1 H, 
t, J=7.6Hz), 8.78 (1H, d, J=7.6Hz). 

[Manufacturing Example 93-1-8] (4-(2-Pyridin-2-yl-ethyl)-phenyl)-acetohydroximoyl chloride hydrochloride 



[1122] To a methanol (30 mL) solution of 4-(2-pyridin-2-yl-ethyl)-(2-nitro-ethyl)-benzene (1 g, 3.9 mmol) described in 
Manufacturing Example 93-1-7 was added lithium methoxide (296 mg, 7.8 mmol) under nitrogen atmosphere at room 
temperature, which was stirred for 30 minutes at room temperature. The reaction mixture was concentrated under a 
reduced pressure. Anhydrous methylene chloride (20 mL) and anhydrous tetrahydrofuran (10 mL) were added to the 
residue. Titanium (IV) chloride (1 M dichloromethane solution, 12.5 mL, 12.5 mmol) was added dropwise into the reaction 
mixture on a dry ice-ethanol bath (-78°C), which was stirred for 30 minutes at 0°C. Water and ethyl acetate were added 
to the reaction mixture on an ice bath (0°C), which was then neutralized by addition of a 10% aqueous sodium hydro- 
gencarbonate solution. The reaction liquid including precipitate was filtered through a Celite pad and washed with ethyl 
acetate. The organic layer was separated from the filtrate. This organic layer was washed with water and saturated 
aqueous sodium chloride and dried over anhydrous magnesium sulfate, and the anhydrous magnesium sulfate was 
filtered. A 4 N hydrochloric acid-ethyl acetate solution (4 mL) was added to the filtrate, and the solvent was evaporated 
under a reduced pressure to obtain the title compound (324 mg, 100%). 

1 H-NMR Spectrum (DMSO-d6) S (ppm): 3.08 (2H, t, J=7.6Hz), 3.32 (2H, t, J=7.6Hz), 3.78 (2H, s), 7.12-7.26 (4H, m), 
7.80-7.94 (2H, m), 8.43 (1 H, m), 8.80 (1 H, m). 

[Example 94] 3-(3-(3-Fluoro-4-(5-fluoro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[1121] 




[1123] 
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[1124] To atetrahydrofuran (5.00 mL) solution of (3-fluoro-4-(5-fluoro-pyridin-2-ylmethoxy)-phenyl)-acetohydroximoyl 
chloride (170 mg, 0.554 mmol) described in Manufacturing Example 94-1-3 and 3-ethynyl-pyridin-2-ylamine (40.0 mg, 
0.339 mmol) described in Manufacturing Example 1-2-3 was added triethylamine (142 |xL, 1.02 mmol) at room temper- 
ature, which was stirred for 4 hours at room temperature. Water was added to the reaction solution at room temperature, 
which was then extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride 
and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue 
was purified by NH silica gel column chromatography (ethyl acetate : heptane =1 : 3h> 1 : 2) to obtain the title compound 
(18:0 mg, 13.5%). 

1 H-NMR Spectrum (DMSO-d B ) 5 (ppm): 3.98 (2H, s), 5.23 (2H, s), 6.27 (2H, brs), 6.70 (1 H, dd, J=0.8, 8.0Hz), 6.82 (1 
H, s), 7.07 (1H, d, J=8.0Hz), 7.18-7.26 £2H, m), 7.61 (1 H, dd, J=0.8, 8.4Hz), 7.76-7.81 (1 H, m), 7.86-7.88 (1 H, m), 
8.09 (1 H, dd, J=1 .6, 4:8Hz), 8.58-8.59 (1 H, m). 

[1125] The starting material, (3 fluoro-4-(5-fluoro-pyridin-2-ylmethoxy)-phenyl)-acetohydroximoyl chloride, was syn- 
thesized as follows. 

[Manufacturing Example 94-1-1] 3-Fluoro-4-(5-fluoro-pyridin-2-ylmethoxy)-benzaldehyde 



[1127] To an N,N-dimethylformamide (20.0 mL) solution of (5-fluoro-pyridin-2-yl)-methanol (760 mg, 5.98 mmol) de- 
scribed in Manufacturing Example 41-1-1 was added sodium hydride (239 mg, 5.98 mmol, 60% in oil) under nitrogen 
atmosphere at 0°C, which was stirred for 10 minutes at room temperature. 3,4-Difluorobenzaldehyde (935 mg, 6.58 
mmol) was then added at room temperature, and stirred for 30 minutes at room temperature. Water was added to the 
reaction solution at room temperature, which was then extracted with ethyl acetate. The organic layer was washed with 
saturated aqueous sodium chloride, and the solvent was evaporated under a reduced pressure. The residue was purified 
by silica gel column chromatography (ethyl acetate : heptane = 1 : 3) to obtain the title compound (629 mg, 42.2%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 5.33 (2H, s), 7.15 (1H, t, J=8.0Hz), 7.45-7.50 (1 H, m), 7.57-7.66(3H, m), 8.47 (1 
H, d, J=3.2Hz), 9.87 (1 H, d, J=2.0Hz). 

[Manufacturing Example 94-1-2] 5-Fluoro-2-(2-fluoro-4-(2-nitro-ethyl)-phenoxymethyl)-pyridine 



[1126] 




[1128] 
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[1129] To an acetic acid (8.00 mL) solution of 3-fluoro-4-(5-fluoro-pyridin-2-ylmethoxy)-benzaldehyde (629 mg, 2.52 
mmol) described in Manufacturing Example 94-1-1 were added nitromethane (769 mg, 12.6 mmol) and ammonium 
acetate (388 mg, 5.04 mmol) under nitrogen atmosphere at room temperature, which was stirred for 6 hours at 1 00°C. 
Water and ethyl acetate were added to the reaction solution, and the organic layer was extracted with ethyl acetate. The 

5 organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, 
and filtered. The filtrate was concentrated under a reduced pressure to obtain a crude product (736 mg). To a dimethyl 
sulfoxide (10.0 mL) solution of this crude product (736 mg) and acetic acid (700 |ol) was added sodium borohydride 
(153 mg, 4.03 mmol) at room temperature while cooling appropriately, which was stirred for 30 minutes at room tem- 
perature. Water was then added dropwise at room temperature while cooling appropriately. The reaction mixture was 

10 extracted with ethyl acetate, and the organic layerwas washed with water andsaturated aqueous sodium chloride, dried 
over an hydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue 
was purified by NH silica gel column chromatography (ethyl acetate : heptane = 1 : 5) to obtain the title compound (341 
mg, 46.0%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.16 (2H, t, J=6.8Hz), 4.83 (2H, t, J=6.8Hz), 5.22 (2H, s), 7.01-7.03 (1 H, m), 
15 7.16-7.24 (2H, m), 7.59-7.63 (1 H, m), 7.77-7.82 (1 H, m), 8.59 (1 H, d, J=2.8Hz). 

[Manufacturing Example 94-1-3] (3-Fluoro-4-(5-fluoro-pyridin-2-ylmethoxy)-phenyl)-acetohydroximoyl chloride 

[1130] 

20 



25 




[1131] To a methanol (20.0 mL) solution of 5-fluoro-2-(2-fluoro-4-(2-nitro-ethyl)-phenoxymethyl)-pyridine (341 mg, 
so 1.16 mmol) described in Manufacturing Example 94-1-2 was added lithium methoxide (88.1 mg, 2.32 mmol) under 
nitrogen atmosphere at room temperature, which was stirred for 30 minutes at room temperature. The reaction mixture 
was concentrated under a reduced pressure, and anhydrous dichloromethane (20.0 mL) and anhydrous tetrahydrofuran 
(1 0.0 mL) were added to the residue. Titanium (IV) chloride (408 \iL, 3.71 mmol) was added dropwise into the reaction 
mixture on a dry ice-ethanol bath (-78°C), which was stirred for 60 minutes at room temperature. Water, ethyl acetate 
35 and tetrahydrofuran were added to the reaction mixture on an ice bath (0°C), and the organic layer was extracted with 
ethyl acetate. This organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concenrtated under a reduced pressure to obtain the title compound 
(340 mg, 93.7%) as a crude product. 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 3.77 (2H, s), 5.24 (2H, s), 7.01-7.02 (1 H, m), 7.12-7.16 (1 H, m), 7.20-7.24 (1 
40 H, m), 7.60-7.63 (1 H, m), 7.77-7.82 (1 H, m), 8.59 (1 H, d, J=2.8Hz), 1 1 .74 (1 H, s). 

[Example 95] 3-(3-(2-Fluoro-4-(pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[1132] 

45 



50 




55 

[1 133] To a methanol (20.0 mL) solution of 2-(3-fluoro-4-(2-nitro-ethyl)-phenoxymethyl)-pyridine (400 mg, 1 .45 mmol) 
described in Manufacturing Example 95-1-3 was added lithium methoxide (110 mg, 2.90 mmol) under nitrogen atmos- 
phere at room temperature, which was stirred for 30 minutes at room temperature. The solvent was evaporated from 
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the reaction mixture under a reduced pressure, and anhydrous dichloromethane (20. OmL) and anhydrous tetrahydrofuran 
(1 0.0 ml) were added to the residue. Titanium (IV) chloride (51 0 jiL, 4.64 mmol) was added dropwise into the reaction 
mixture on a dry ice-ethanol bath (-78°C), which was stirred for 60 minutes at room temperature. Water, ethyl acetate 
and tetrahydrofuran were added to the reaction mixture on an ice bath (0°C), and the organic layer was extracted with 

5 ethyl acetate. The organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain a crude product (360 
mg). To a tetrahydrofuran (5.00 mL) solution of this crude product (180 mg) and 3-ethynyl-pyridin-2-ylamine (40.0 mg, 
0.339 mmol) described in Manufacturing Example 1-2-3 was added triethylamine (142 m-L, 1.02 mmol) at room temper- 
ature.which was stirred for 1 hour at 60°C. Water was added to the reaction solution at room temperature, which was 

10 then extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over 
anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by 
NH silica gel column chromatography (ethyl acetate : heptane = 1 : 3 — > 1 : 2) to obtain the title compound (25.2 mg, 
19.7%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 3.98 (2H, s), 5.18 (2H, s), 6.26 (2H, brs), 6.68-6.71 (1 H, m), 6.77 (1 H, s), 6.86 
is (1 H, dd, J=2.4, 8.4Hz), 6.95 (1 H, dd, J=2.4, 12.0Hz), 7.29-7.37 (2H, m), 7.51 (1 H, d, J=8.0Hz), 7.82-7.88 (2H, m), 
8.08-8.09 (1 H, m), 8.57-8.59 (1H, m). 

[1134] The starting material, 2-(3-fluoro-4-(2-nitro-ethyl)-phenoxymethyl)-pyridine, was synthesized as follows. 
[Manufacturing Example 95-1-1] 2-Fluoro-4-(pyridin-2-ylmethoxy)-benzaldehyde 

20 

[1135] 



[1136] To an N,N-dimethylformamide (10.0 mL) solution of 2-fluoro-4-hydroxybenzaldehyde (1.60 g, 11. 4 mmol) was 
added sodium hydride (547 mg, 13.7 mmol, 60% in oil) under nitrogen atmosphere at 0°C, which was stirred for 30 
minutes at room temperature. 2-Picolyl chloride (2.80 g, 17.1 mmol) was then added at room temperature and stirred 
for 1 hour at 70°C. Water was added to the reaction solution at room temperature, which was then extracted with ethyl 
acetate. The organic layer was washed with saturated aqueous sodium chloride, and the solvent was evaporated under 
a reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate : heptane = 1 : 3) to 
obtain the title compound (1 .07 g, 40.6%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 5.27 (2H, s), 6.74-6.77 (1H, m), 6.87-6.90 (1H, m), 7.26-7.29 (1 H, m), 7.47-7.49 
(1 H, m), 7.73-7.85(2H, m), 8.62-8.64(1 H, m), 10.21 (1 H, s). 

[Manufacturing Example 95-1-2] 2-(3-Fluoro-4-((£)-2-nitro-vinyl)-phenoxymethyl) pyridine 
[1137] 



[1138] To an acetic acid (15.0 mL) solution of 2-fluoro-4-(pyridin-2-ylmethoxy)-benzaldehyde (1.07 g, 4.63 mmol) 
55 described in Manufacturing Example 95-1-1 were added nitromethane (1 .41 g, 23.2 mmol) and ammonium acetate (714 
mg, 9.26 mmol) under nitrogen atmosphere at room temperature, which was stirred for 2 hours at 100°C. Water and 
ethyl acetate were added to the reaction mixture, and the organic layer was extracted with ethyl acetate. The organic 
layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and 
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filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound (1 .20 g) as a crude product. 
1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 5.30 (2H, s), 7.02-7.05 (1H, m), 7.14-7.1 8 (1 H, m), 7.36-7.39 (1 H, m), 7.54 (1 
H, d, J=7.6Hz), 7.85-7.89 (1 H, m), 7.93 (1 H, t, J=8.8Hz), 8.06 (2H, s), 8.59-8.61 (1 H, m). 

5 [Manufacturing Example 95-1 -3] 2-(3-Fluoro-4-(2-nitro-ethyl)-phenoxymethyl)-pyridine 

[1139] 



15 




[1140] To a dimethyl sulfoxide (20.0 mL) solution of 2-(3-fluoro-4-((£)-2-nitro-vinyl)-phenoxymethyl)pyridine (1 .20 g) 
20 described in Manufacturing Example 95-1-2 and acetic acid (1.00 mL) was added sodium borohydride (249 mg, 6.57 
mmol) at room temperature while cooling appropriately under nitrogen atmosphere, which was stirred for 30 minutes at 
room temperature. Water was then added dropwise at room temperature while cooling appropriately. The reaction 
mixture was extracted with ethyl acetate, and the organic layer was washed with water and saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, 
25 followed by crystallization with an ethyl acetate-heptane system and filtration to obtain the title compound (61 4 mg, 50. 7%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.21 (2H, t, J=7.2Hz), 4.79 (2H, t, J=7.2Hz), 5.46 (2H, s), 6.82 (1 H, dd, J=2.4, 
8.4Hz), 6.92 (1 H, dd, J=2.4, 8.4Hz), 7.32 (1 H, t, J=8.8Hz), 7.66 (1 H, t, J=6.4Hz), 7.87 (1 H, d, J=8.0Hz), 8.21 -8.25 (1 
H, m), 8.76 (1 H, d, J=5.6Hz). 

so [Example 96] 3-(3-(2-Fluoro-4-(5-fluoro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[1141] 




45 [1142] To atetrahydrofuran (5.00 mL) solution of (2-fluoro-4-(5-fluoro-pyridin-2-ylmethoxy)-phenyl)-acetohydroximoyl 
chloride (1 70 mg, 0.554 mmol) described in Manufacturing Example 96-1 -4 and 3-ethynyl-pyridin-2-ylamine (40.0 mg, 
0.339 mmol) described in Manufacturing Example 1-2-3 was added triethylamine (142 |j.L, 1.02 mmol) at room temper- 
ature, which was stirred for 4 hours at room temperature. Water was added to the reaction solution at room temperature, 
which was then extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride 

so and dried over anhydrous magnesium sulfate, and the solvent was devaporated under a reduced pressure. The residue 
was purified by NH silica gel column chromatography (ethyl acetate : heptane = 1 : 3 -> 1 : 2) to obtain the title compound 
(32.0 mg, 23.9%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 3.99 (2H, s), 5.18 (2H, s), 6.26 (2H, brs), 6.68-6.71 (1 H, m), 6.77 (1 H, s), 6.86 
(1 H, dd, J=2.4, 8.4Hz), 6.96 (1 H, dd, J=2.4, 12.0Hz), 7.31 (1 H, t, J=8.8Hz), 7.61 (1 H, dd, J=4.8, 8.8Hz), 7.78 (1 H, 
55 ddd, J=2.8, 8.4, 1 7.2Hz), 7.87 (1 H, dd, J=1 .6, 7.6Hz), 8.08 (1 H, dd, J=1 .6, 7.6Hz), 8.59(1 H, d, J=2.8Hz). 

[1143] The starting material, (2-fluoro-4-(5-fluoro-pyridin-2-ylmethoxy)-phenyl)-acetohydroximoyl chloride, was syn- 
thesized as follows. 
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[Manufacturing Example 96-1-1] 2-Fluoro-4-(5-fluora-pyridin-2-ylmethoxy)-benzaldehyde 



[1144] 



H' 




[1145] To an N,N-dimethylformamide (20.0 ml_) solution of 2-fluoro-4-hydroxybenzaldehyde (1.48 g, 10.2 mmol) was 
added sodium hydride (41 1 mg, 10.3 mmol, 60% in oil) under nitrogen atmosphere at 0°C, which was stirred for 20 
minutes at room temperature. 2-Chloromethyl-5-fluoro-pyridine (1 .20 g, 8.56 mmol) described in Manufacturing Example 
41-1-2 was then added at room temperature, and stirred for 30 minutes at 80°C. Water was added at room temperature 
to the reaction solution, which was then extracted with ethyl acetate. The organic layer was washed with saturated 
aqueous sodium chloride, and the solvent was evaporated under a reduced pressure. The residue was purified by silica 
gel column chromatography (ethyl acetate : heptane = 1 : 5 -> 1 : 2) to obtain the title compound (901 mg, 42.2%). 
1 H-NMR Spectrum (CDCI 3 ) S (ppm): 5.24 (2H, s), 6.73-6.77 (1 H, m), 6.87-6.89 (1 H, m), 7.46-7.51 (2H, m), 7.84 (1 H, 
t, J=8.4Hz), 8.48 (1 H, d, J=2.8Hz), 10.22 (1 H, s). 

[Manufacturing Example 96-1 -2] 5-Fluoro-2-(3-fluoro-4-((£)-2-nitro-vinyl)-phenoxymethyl)-pyridine 



[1147] To an acetic acid (20.0 ml_) solution of 2-fluoro-4-(5-fluoro-pyridin-2-ylmethoxy)-benzaldehyde (901 mg, 3.62 
mmol) described in Manufacturing Example 96-1 -1 were added nitromethane (1 . 1 0 g, 1 8.1 mmol) and ammonium acetate 
(558 mg, 7.24 mmol) under nitrogen atmosphere, which was stirred for 2 hours at 1 10°C. Water and ethyl acetate were 
added to the reaction mixture, and the organic layer was extracted with ethyl acetate. The organic layer was washed 
with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate 
was concentrated under a reduced pressure to obtain the title compound (1 .00 g) as a crude product. 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 5.30 (2H, s), 7.04 (1 H, dd, J=2.4, 8.8Hz), 7.1 7 (1 H, dd, J=2.4, 7.2Hz), 7.63-7.66 
(1 H, m), 7.78-7.83 (1 H, m), 7.93 (1 H, d, J=8.4Hz), 8.06 (2H, s), 8.61 (1 H, d, J=2.8Hz). 

[Manufacturing Example 96-1-3] 5-Fluoro-2-(3-fluoro-4-(2-nitro-ethyl)-phenoxymethyl)-pyridine 



[1146] 




[1148] 




F 
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[1149] To a dimethyl sulfoxide (20.0 mL)-tetrahydrofuran (5.00 mL) solution of 5-fluoro-2-(3-fluoro-4-((£)-2-nitro-vi- 
nyl)-phenoxymethyl)-pyridine (1 .00 g, 3.42 mmol) described in Manufacturing Example 96-1 -2 and acetic acid (1 .00 mL) 
was added sodium borohydride (207 mg, 5.47 mmol) at room temperature while cooling appropriately under nitrogen 
atmosphere, which was stirred for 1 0 minutes at room temperature. Water was then added dropwise at room temperature 
5 while cooling appropriately. The reaction mixture was extracted with ethyl acetate, and the organic layer was washed 
with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate 
was concentrated under a reduced pressure, and the residue was crystallized with an ethyl acetate : heptane system 
and filtered to obtain the title compound (346 mg, 34.4%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 3.20 (2H, t, J=6.8Hz), 4.79 (2H, t, J=6.8Hz), 5.17 (2H, s), 6.84 (1 H, dd, J=2.4, 
J0 8.4Hz), 6.94 (1 H, dd, J=2.4, 1 2.0Hz), 7.27 (1 H, t, J=8.8Hz), 7.61 (1 H, dd, J=4.4, 8.8Hz), 8.78 (1 H, ddd, J=2.8, 8.8, 
17.6Hz), 8.58-8.59 (1H,m). 

[Manufacturing Example 96-1-4] (2-Fluoro-4-(5-fluoro-pyridin-2-ylmethoxy)-phenyl)-acetohydroximoyl chloride 
15 [1150] 



20 




[1151] To a methanol (20.0 mL) solution of 5-fluoro-2-(3-fluoro-4-(2-nitro-ethyl)-phenoxymethyl)-pyridine (346 mg, 
1.18 mmol) described in Manufacturing Example 96-1-3 was added lithium methoxide (89.6 mg, 2.36 mmol) under 
nitrogen atmosphere at room temperature, which was stirred for 30 minutes at room temperature. The reaction mixture 
was concentrated under a reduced pressure, and anhydrous dichloromethane (20.0 mL) and anhydrous tetrahydrofuran 

so (1 o.O mL) were added to the residue. Titanium (IV) chloride (584 |xL, 5.30 mmol) was added dropwise into the reaction 
mixture on a dry ice-ethanol bath (-78°C), which was stirred for 60 minutes at room temperature. Water, ethyl acetate 
and tetrahydrofuran were added to the reaction mixture on an ice bath (0°C), and the organic layer was extracted with 
ethyl acetate. This organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 

35 (300 mg, 81 .3%) as a crude product. 

!H-NMR Spectrum (DMSO-d 6 ) 6 (ppm): 3.79 (2H, s), 5.19 (2H, s), 6.87 (1 H, dd, J=2.4, 8.4Hz), 6.95 (1 H, dd, J=2.8, 
12.0Hz), 7.26 (1 H, t, J=8.8Hz), 7.62 (1 H, dd, J=4.4, 8.8Hz), 7.78(1 H, ddd, J=3.2, 8.8, 13.6Hz), 8.59(1 H, dd, J=0.4, 
2.8Hz), 11.72(1 H,s). 

40 [Example 97] 3-(3-(6-Phenylsulfanyl-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 
[1152] 



50 




[1153] To a tetrahydrofuran (5 mL) solution of (6-phenylsulfanyl-pyridin-3-yl)-acetohydroximoyl chloride (149 mg, 0.54 
55 mmol) described in Manufacturing Example 97-1-4 and 3-ethynyl-pyridin-2-ylamine (15 mg, 0.13 mmol) described in 
Manufacturing Example 1-2-3 was added triethylamine (80 jiL, 0.57 mmol), which was stirred for 4 hours at50°C under 
nitrogen atmosphere. Water was added to the reaction solution at room temperature, which was then extracted with 
ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous 



217 



EP 1 944 303 A1 



magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified 
by NH silica gel column chromatography (ethyl acetate : methanol =10:1) and then further purified by silica gel column 
chromatography (ethyl acetate: methanol = 10:1) to obtain the title compound (1 1 mg, 23%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm):3.99 (2H, s), 5.39 (2H, s), 6.24 (1 H, s), 7.72 (1 H, dd, J=4.8, 7.7Hz), 6.87 (1 H, d, 
J=8.2Hz), 7.38 (1 H, dd, J=2.4, 8.2Hz), 7.40-7.43 (3H, m), 7.58-7.60 (2H, m), 7.70 (1 H, dd, J=1 .8, 7.7Hz), 8.15 (1 H, 
dd, J=1.B, 4.8Hz), 8.40 (1 H, d, J=2.4Hz). 

[1154] The starting material, (6-phenylsulfanyl-pyridin-3-yl)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 97-1-1] 5-Bromo-2-phenylsulfanyl-pyridine 

[1155] 




[1156] To an N,N-dimethylformamide (20 ml_) solution of thiophenol (1.02 g, 9.28 mmol) was added sodium hydride 
(446 mg, 9.28 mmol, 50% in oil), which was stirred for 15 minutes at room temperature. 2,5-Dibromopyridine (2.00g, 
8.44 mmol) was then added to this reaction mixture and stirred for 35 minutes at room temperature, and then for a further 
45 minutes at55°C. Water was added to the reaction solution at room temperature, which was then extracted with ethyl 
acetate. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified 
by NH silica gel column chromatography (heptane : ethyl acetate: = 4:1) to obtain the title compound (2.24 g, quant.). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm):6.78 (1 H, dd, J=0.73, 8.4Hz), 7.42-7.45 (3H, m), 7.56-7.60 (3H, m), 8.47 (1 H, dd, 
J=0.73, 2.6Hz). 

[Manufacturing Example 97-1-2] 6-Phenylsulfanyl-pyridine-3-carbaldehyde 
[1157] 




[1158] To a tetrahydrofuran (40 mL) solution of 5-bromo-2-phenylsulfanyl-pyridine (2.24 g, 8.42 mmol) described in 
Manufacturing Example 97-1-1 was added n-butyl lithium (6.35 mL, 1.6 M hexane solution, 10.1 mmol) under nitrogen 
atmosphere at - 78°C, which was stirred for 45 minutes at -78°. Next, N, N-dimethylformamide (848|x L, 1 0.9 mmol) was 
added to this reaction mixture, and stirred for 35 minutes as the temperature was gradually raised to room temperature. 
Water was added to the reaction solution at room temperature, which was then extracted with ethyl acetate. The organic 
layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and 
filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified by silica gel column 
chromatography (heptane : ethyl acetate = 2 : 1) to obtain the title compound (583 mg, 32%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm):6.94 (1H, d, J=8.4Hz), 7.48-7.52 (3H, m), 7.62-7.65 (2H, m), 7.89 (1 H, dd, J=2.4, 
8.4Hz), 8.82 (1 H, dd, J=0.73, 2.2Hz), 9.98 (1 H, s). 

[Manufacturing Example 97-1-3] 5-(2-Nitro-ethyl)-2-phenylsuifanyl-pyridine 

[1159] 



218 



EP 1 944 303 A1 



5 
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10 [1160] To an acetic acid (10 mL) solution of 6-phenylsulfanyl-pyridine-3-carbaldehyde (583 mg, 2.71 mmol) described 
in Manufacturing Example 97-1-2 were added nitromethane (734 |j,L, 13.6 mmol) and ammonium acetate (418 mg, 5.42 
mmol), and which was stirred for 4 hours 35 minutes at 100°C under nitrogen atmosphere. Water was added to the 
reaction solution at room temperature, which was then extracted with ethyl acetate. The organic layer was separated, 
washed with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was 

is concentrated under a reduced pressure. To a dimethyl sulfoxide (10 mL) and acetic acid (1 mL) solution of the residue 
was added sodium borohydride (205 mg, 5.42 mmol), which was stirred for 55 minutes at room temperature. Sodium 
hydrogencarbonate and water were added to the reaction mixture at room temperature while cooling appropriately, 
which was then extracted with ethyl acetate. The organic layer was separated, washed with water and saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 

20 pressure, and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 1 : 1 ) to obtain 
the title compound (212 mg, 30%). 



1 H-NMR Spectrum (CDCI 3 ) S (ppm):3.27 (2H, t, J=6.6Hz), 4.60 (2H, t, J=6.6Hz), 6.71 (1 H, d, J=8.6Hz), 7.39 (1 H, d, 
J=8.4Hz), 7.50-7.58 (3H, m), 7.62-7.64 (2H, m), 8.57 (1H,s). 

25 [Manufacturing Example 97-1-4] (6-Phenylsulfanyl-pyridin-3-yl)-acetohydroximoyl chloride 



[1162] To a methanol (5 mL) solution of 5-(2-nitro-ethyl)-2-phenylsulfanyl-pyridine (212 mg, 0.814 mmol) described 
in Manufacturing Example 97-1-3 was added lithium methoxide (62 mg, 1.6 mmol), which was stirred for 5 minutes at 
room temperature. The reaction mixture was concentrated under a reduced pressure, and the residue was suspended 
in tetrahydrofuran (3 mL) and methylene chloride (3 mL). Titanium (IV) tetrachloride (197 p,L, 1.8 mmol) was added to 

40 this suspension under a nitrogen atmosphere at -78°C, which was stirred for 1 hour and 30 minutes at 0°C. The mixture 
was then stirred for another 50 minutes at room temperature, after which water was added at 0°C to the reaction mixture, 
which was then extracted with ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and then filtered. The filtrate was concentrated under a reduced 
pressure to obtain the title compound (249 mg, quant.). This compound was used in the following reaction without any 

45 further purification. 

[Example 98] 3-(3-(4-(3-Methoxy-benzyloxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[1161] 



30 




35 



[1163] 



50 



55 
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[1164] To4-(5-(2-amino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (30 mg, 0.1 1 mmol) described in Manufacturing Ex- 
ample 5-1-1 were tetrahydrofuran (3 ml_) and a 5N sodium hydroxide aqueous solution (22.4 |xL, 0.11 mmol), which 
was dissolved by irradiating ultrasonic wave for 1 minute. The reaction solution was then concentrated under a reduced 
pressure, which gave a white solid. To a suspension of this solid in N,N-dimethylformamide (1 mL) was added an N,N- 
dimethylformamide (1 mL) solution of 3-methoxybenzyl chloride (21.0 mg, 0.13 mmol), which was stirred for 12 hours 
at 60°C. This mixture was cooled to room temperature and partitioned into water and ethyl acetate. The organic layer 
was separated, washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, 
and filtered. The filtrate was concentrated under a reduced pressure, and this residue was purified by NH silica gel 
column chromatography (heptane : ethyl acetate = 1:1) to obtain the title compound (35.1 mg, 81 %). 
1 H-NMR Spectrum (DMSO-d 6 ) 6 (ppm) : 3.75 (3H, s), 3.95 (2H, s), 5.05 (2H, s), 6.25 (2H, brs), 6.67-6.71 (1H, m), 6.78 
(1 H, s), 6.86-6.90 (1 H, m), 6.96 (2H, d, J = 8.4 Hz), 6.97-7.00 (2H, m), 7.24 (2H, d, J = 8.8 Hz), 7.29 (1 H, t, J = 8.0Hz), 
7.85-7.88 (1H, m), 8.07-8.1 0 (1 H, m). 

[Example 99] 3-(3-(4-(6-Methoxy-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[1166] Tetrahydrofuran (3 mL) and a 5N sodium hydroxide aqueous solution (22.4 pi, 0.11 mmol) were added to 
4-(5-(2-amino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (30 mg, 0.11 mmol) described in Manufacturing Example 5-1-1, 
which was dissolved by irradiating ultrasonic wave for 1 minute. The reaction solution was then concentrated under a 
reduced pressure, which gave a white solid. To a suspension of this solid in N,N-dimethylformamide (1 mL) was added 
an N,N-dimethylformamide (1 mL) solution of the 2-chloromethyl-6-methoxy-pyridine (21.2 mg, 0.13 mmol) described 
in Manufacturing Example 99-1-2, which was stirred for 12 hours at 60°C. This reaction mixture was cooled to room 
temperature and partitioned into water and ethyl acetate. The organic layer was separated, washed with water and 
saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
under a reduced pressure, and this residue was purified by NH silica gel column chromatography (heptane : ethyl acetate 
= 1 : 1) to obtain the title compound (36.7 mg, 84%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm) : 3.85 (3H, s), 3.96 (2H, s), 5.07 (2H, s), 6.25 (2H, brs), 6.69 (1 H, dd, J = 4.8, 
7.6 Hz), 6.75 (1 H, d, 8.0Hz), 6.79 (1 H, s), 6.99 (2H, d, J = 8.8 Hz), 7.07 (1 H, d, J = 7.2 Hz), 7.25 (2H, d, J = 8.8 Hz), 
7.69-7.74 (1 H, m), 7.85-7.88 (1 H, m), 8.08(1 H, dd, J = 2.0, 4.8 Hz). 

The starting material, 2-chloromethyl-6-methoxy-pyridine ! was synthesized as follows. [Manufacturing Example 99-1-1] 
(6-Methoxy-pyridin-2-yl)-methanol 



[1168] To a mixture of 2-bromo-6-methoxypyridine (500 mg, 2.66 mmol) and toluene (20 mL) was added dropwise 
n-butyl lithium (1 .84 mL, 1 .6 M hexane solution, 2.93 mmol) at -78°C, which was stirred for 30 minutes. N,N-dimethyl- 
formamide (412 |xL, 5.32 mmol) was added dropwise to the mixture at the same temperature, which was stirred for 45 
minutes at 0°C. Water and tetrahydrofuran were added to the reaction solution and vigorously stirred. The organic layer 
was separated, washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, 



[1165] 
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and filtered. Sodium borohydride (201 mg, 5.31 mmol) was added to this filtrate at 0°C, which was stirred for 2 hours at 
room temperature. Water was added to the reaction solution, which was then exacted with ethyl acetate. The organic 
layer was separated, washed with saturated aqueous sodium chloride, dried with anhydrous magnesium sulfate, and 
then dried. This filtrate was concentrated under a reduced pressure, and the residue was purified by NH silica gel column 
chromatography (hexane : diethyl ether = 2:1) to obtain the title compound (104.8 mg, 28%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm) : 3.81 (3H, s), 4:47 (2H, d, J = 6.0 Hz), 5.34 (1 H, t, J = 5.6, 6.0 Hz), 6.65 (1 H, 
dd, J = 0.8, 8.4 Hz), 7.03-7.05 (1 H, m), 7.68 (1 H, dd, J = 7.2, 8.0 Hz). 

[Manufacturing Example 99-1-2] 2-Chloromethyl-6-methoxy-pyridine 



[1170] To a mixture of dichloromethane (5 mL) and the (6-methoxy-pyridin-2-yl)-methanol (105 mg, 0.75 mmol) de- 
scribed in Manufacturing Example 99-1-1 was added thionyl chloride (82.4 |xL, 1.13 mmol), which was stirred for 30 
minutes at room temperature. A saturated sodium hydrogencarbonate aqueous solution was added to this reaction 
mixture, which was then extracted with dichloromethane. The organic layer was separated, washed with water and 
saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
under a reduced pressure to obtain the title compound (1 05.8 mg, 89%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm) : 3.85 (3H, s), 4.69 (2H, s), 7.79 (1 H, dd, J = 0.4, 8.4 Hz), 7.12 (1 H, dd, J = 0.4, 
7.2 Hz), 7.73 (1 H, dd, J = 7.2, 8.4 Hz). 

[Example 1 00] 3-(3-(6-(Pyridin-3-yloxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyrindin-2-ylamine 



[1172] To a mixture of 5-(2-nitroethyl)-2-(pyrdin-3-yloxy)pyridine (157.0 mg, 0.64 mmol) described in Manufacturing 
Example 1 00-1 -2 and methanol (6 mL) was added lithium methoxide (48.7 mg, 1 .28 mmol), which was stirred for 1 hour 
at room temperature. The reaction solution was concentrated under a reduced pressure, which gave a white solid. To 
a mixture of a dichloromethane (4mL) and tetrahydrofuran (2mL) solution of this solid was added titanium tetrachloride 
(155.0 |xL, 1.41 mmol) under nitrogen atmosphere at -78°C, which was stirred for another 3 hours at 0°C. Water was 
added to the reaction solution, which was then extracted with ethyl acetate. The organic layer was separated, washed 
with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate 
was concentrated under a reduced pressure. To a mixture of the residue thus obtained (30.7 mg), 3-ethynyl-pyridin-2- 
ylamine (1 3.7 mg, 0.1 2 mmol) described in Manufacturing Example 1 -2-3, tetrahydrofuran (1 mL), and dimethyl sulfoxide 
(1 mL) was added triethylamine (32.4 |j,L, 0.23 mmol) at room temperature, which was stirred for 1 hour at 55°C. The 
reaction mixture was cooled to room temperature, water was added thereto, which was then extracted with ethyl acetate. 
The organic layer was separated, washed with water and saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue thus obtained 
was purified by reverse-phase high performance liquid chromatography (using an acetonitrile-water mobile phase con- 
taining 0. 1 % trifluoroacetic acid), and then further purified by preparative thin-layer chromatography (NH silica gel, ethyl 
acetate) to obtain the title compound (1 .41 mg, 4%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm) : 4.03 (2H, s), 5.39 (2H, brs), 6.28 (1 H, s), 6.73 (1 H, ddd, J = 0.8, 4.8, 7.6 Hz), 6.98 



[1169] 




[1171] 




221 



EP 1 944 303 A1 



(1 H, d, J = 8.4 Hz), 7.35 (1 H, dd, J = 4.8, 8.0 Hz), 7.51-7.54 (1H, m), 7.67 (1 H, ddd, J = 0.2, 2.4, 8.4 Hz), 7.71 (1 H, 
dd,J = 2.0, 7.6 Hz), 8.11 (1 H, d, J = 2.8 Hz), 8.15-8.17(1 H, m), 8.46(1 H, d, J = 4.4 Hz), 8.50 (1 H, d, J = 2.4 Hz). 
The starting material, 5-(2-nitroethyl)-2-(pyridin-3-yloxy)pyridine, was synthesized as follows. 

[Manufacturing Example 100-1-1] 6-(Pyridin-3-yloxy)-pyridine-3-carbaldehyde 



[1174] To a suspension of sodium hydride (407 mg, 8.48 mmol, 50% in oil) and N,N-dimethylformamide (45 mL) was 
added an N,N-dimethylformamide (5 mL) solution of 3-hydroxypyridine (806 mg, 8.48 mmol) at 0°C, which was stirred 
for 30 minutes. An N,N-dimethylformamide (5 mL) solution of 2-chloro-5-formylpyridine (1.0 g, 7.06 mmol) was added 
to this reaction mixture at the same temperature, which was stirred for 5 hours at 1 00°C. The reaction mixture was cooled 
to room temperature, and water was added thereto, which was extracted with ethyl acetate. The organic layer was 
separated, washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and 
filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified by NH silica gel column 
chromatography (ethyl acetate) to obtain the title compound (505.1 mg, 36%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm) : 7.32-7.36 (1 H, m), 7.53 (1 H, ddd, J = 0.8, 4.8, 8.4 Hz), 7.72-7.75 (1 H, m), 
8.30-8.34 (1 H, m), 8.50-8.54 (2H, m), 8.70-8.72 (1 H, m), 10.01 (1 H, s). 

[Manufacturing Example 100-1-2] 5-(2-Nitroethyl)-2-(pyridin-3-yloxy)pyridine 



[1176] A mixture of 6-(pyridin-3-yloxy)-pyridine-3-carbaldehyde (505.1 mg, 2.52 mmol) described in Manufacturing 
Example 1 00-1 -1 , nitromethane (680 (juL, 1 2.6 mmol), ammonium acetate (388 mg, 5.04 mmol), and acetic acid (20 mL) 
was stirred for 2.5 hours at 140°C. This reaction mixture was cooled to room temperature and partitioned into water and 
ethyl acetate. The organic layer was separated, washed with water and saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure. To a mixture of 
this residue in dimethyl sulfoxide (20 mL) and acetic acid (2 mL) was added sodium borohydride (1 14.0 mg, 3.02 mmol) 
at room temperature, which was stirred for 15 minutes. Water was added to this reaction mixture, which was extracted 
with ethyl acetate. The organic layer was separated, washed with water and saturated aqueous sodium chloride, dried 
over an hydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue 
was purified by silica gel column chromatography (heptane : ethyl acetate = 2 : 1) to obtain the title compound (157.3 
mg, 26%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm) : 3.23 (2H, t, J = 6.8 Hz), 4.88 (2H, t, J = 6.8 Hz), 7.18-7.22 (1 H, m), 7.77 (1 H, 
dd, J = 5.6, 8.4 Hz), 7.90 (1 H, dd, J = 2.4, 8.4 Hz), 8.02-8.07 (1 H, m), 8.07-8.10 (1 H, m), 8.45 (1 H, d, J = 6.0 Hz), 
8.51 (1 H,d,J = 2.8Hz). 

[Example 101] 3-(3-(4-(5-Methyl-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1173] 




[1175] 




[1177] 
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[1178] The title compound (120 mg, 57%) was obtained according to the methods similar to those of Example 18, 
using 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (150 mg, 0.53 mmol) described in Manufacturing Ex- 
ample 18-1-1 and 2-chloromethyl-5-methyl-pyridine (90 mg, 0.64 mmol) described in Manufacturing Example 42-1-2. 
1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 2.29 (3H, s), 3.87 (2H, s), 5.10 (2H, s), 5.78 (2H, brs), 5.82 (1 H, d, J = 8.0 Hz), 
6.10 (2H, brs), 6.34 (1 H, s), 6.95 (2H, d, J = 8.8 Hz), 7.21 (2H, d, J = 8.8 Hz), 7.38 (1 H, d, J = 8.0 Hz), 7.50 (1 H, d, J 
= 8.0 Hz), 7.62 (1 H, d, J = 8.0 Hz), 8.40 (1 H, s). 

[Example 1 02] 3-(3-(4-(4-Methyl-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2, 6-diamine 
[1179] 




[1180] To atetrahydrofuran (5.00 mL) solution of (4-(4-methyl-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chlo- 
ride (130 mg, 0.447 mmol) described in Manufacturing Example 43-1-5 and 3-ethy nyl-py ridi n-2, 6-diamine (30.0 mg, 
0.226 mmol) described in Manufacturing Example 13-1-3 was added triethylamine (126 |xL, 0.903 mmol) at room tem- 
perature, which was stirred fori hour at room temperature. Waterwas added to the reaction solution at room temperature, 
which was extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and 
dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was 
purified by NH silica gel column chromatography (ethyl acetate : heptane = 2 : 1) to obtain the title compound (37.4 mg, 
42.7%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm) : 2.26 (3H, s), 3.95 (2H, s), 5.30 (2H, s), 5.79 (2H, brs), 5.83 (2H, d, J = 8.4 Hz), 
6.11 (1 H, brs), 6.37 (1 H, s), 6.67-6.68 (1 H, m), 6.81-6.83 (1 H, m), 7.30 (2H, d, J = 8.0 Hz), 7.38 (2H, d, J = 8.0 Hz), 
7.51 (1 H, d, J = 8.4 Hz), 8.08-8.09 (1 H, d, J = 5.2 Hz). 

[Example 1 03] 3-(3-(4-(5-Methyl-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2, 6-diamine 
[1181] 




[1182] To atetrahydrofuran (5.00 mL) solution of (4-(5-methyl-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chlo- 
ride (130 mg, 0.447 mmol) described in Manufacturing Example 44-1-5 and 3-ethy nyl-py ridi n-2, 6-diamine (30.0 mg, 
0.226 mmol) described in Manufacturing Example 13-1-3 was added triethylamine (126 (xL, 0.903 mmol) at room tem- 
perature, which was stirredfor2 hours at room temperature. Waterwas added to the reaction solution at room temperature, 
which was extracted with ethyl acetate. The organic layer was washed with saturated sodium chloride solution and dried 
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over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified 
by NH silica gel column chromatography (ethyl acetate : heptane = 2 : 1) to obtain the title compound (57.4 mg, 65.6%). 
1 H -NMR Spectrum (DMSO-d 6 ) 5 (ppm) : 2.20 (3H, s), 3.95 (2H, s), 5.28 (2H, s), 5.79 (2H, brs), 5.82 (1 H, d, J = 8.4 
Hz), 6.1 1 (2H, brs), 6.36 (1 H, s), 6.76 (1 H, d, J = 8.4 Hz), 7.30 (2H, d, J = 8.4 Hz), 7.38 (2H, d, J = 8.0 Hz), 7.51 (1 H, 
d, J = 8.4 Hz), 7.53-7.55 (1 H, m), 7.96-7.97 (1 H, m). 

[Example 1 04] 3-(3-(4-(6-Fluoro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2, 6-diamine 



[1184] To a tetrahydrofuran (3 mL) solution of 4-(5-(2, 6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (40 mg, 
0.14 mmol) described in Manufacturing Example 18-1-1 was added a 5 N sodium hydroxide aqueous solution (28.3 |xL, 
0.14 mmol), which was dissolved by irradiating ultrasonic wave for 1 minute. The reaction solution was concentrated 
under a reduced pressure, which gave a white solid. To a suspension of this solid in N,N-dimethylformamide (1 mL) was 
added an N,N-dimethylformamide (1 mL) solution of 2-chloromethyl-6-fluoro-pyridine (52.7 mg, 0.36 mmol) described 
in manufacturing Example 45-1 -1 , which was stirred for 14 hours at room temperature. The reaction mixture was parti- 
tioned into water and ethyl acetate. The organic layer was separated, washed with water and saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure. 
The residue was purified by NH silica gel column chromatography (heptane : ethyl acetate =1:2), and then further 
purified by reverse-phase high performance liquid chromatography (using an acetonitrile-water mobile phase containing 
0.1 % trifluoroacetic acid) to obtain the title compound (7.8 mg, 1 1 %) as a trifluoroacetic acid salt. 
1 H- NMR Spectrum (CD 3 OD) 5 (ppm) : 3.96 (2H, s), 5.08 (2H, s), 6.15 (1H, d, J = 8.8 Hz), 6.42 (1 H, s), 6.96 (2H, d, J 
= 8.8 Hz), 6.96-7.00 (1 H, m), 7.23 (2H, d, J = 8.4 Hz), 7.43-7.46 (1 H, m), 7.90 (1 H, d, J = 8.8 Hz), 7.94 (1 H, q, J = 
8.4, 7.6 Hz). 

MS m/e(ESI) 391.99(MH + ) 

[Example 1 05] 3-(3-(4-(5-Methyl-furan-2-ylmethyl)-benzyl)-isoxazol-5-yl)-pyridin-2, 6-diamine 



[1186] To a mixture of (4-(5-methyl-furan-2-ylmethyl)-phenyl)-acetohydroximoyl chloride (11 mg, 0.043 mmol) de- 
scribed in Manufacturing Example 46-1-6 and tetrahydrofuran (1 mL) were added 3-ethynyl-pyridin-2,6-diamine (4.5 
mg, 0.034 mmol) described in Manufacturing Example 13-1-3andtriethylamine (9.4 (j.L, 0.068 mmol), which was stirred 
for 3 hours at 40°C. Water was added thereto at the same temperature, which was extracted with ethyl acetate. The 
organic layer was washed with saturated aqueous sodium chloride, and was concentrated under a reduced pressure. 
The residue was purified by NH silica gel column chromatography (ethyl acetate : heptane = 3 : 2) to obtain the title 
compound (9.2 mg, 76%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 2.24 (3H, s), 3.89 (2H, s), 3.98 (2H, s), 4.53 (2H, brs), 5.31 (2H, brs), 5.84-5.87 
(2H, m), 5.91 (1 H, d, J = 8.2 Hz), 5.99 (1 H, s), 7.20 (4H, d, J = 2.4 Hz), 7.48 (1 H, d, J = 8.2 Hz). 



[1183] 




[1185] 
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[Example 106] 3-(3-(5-p-Tolyloxy-thiophen-2-ylmethyl)-isoxazol-5-yl)-pyridin-2, 6-diamine 



[1187] 




[1188] To a tetrahydrofuran (5.00 ml_) solution of (5-p-tolyloxy-thiophen-2-yl)-acetohydroximoyl chloride (130 mg, 
0.461 mmol) described in Manufacturing Example 48-1-5 and 3-ethynyl-pyridin-2, 6-diamine (30.0 mg, 0.226 mmol) 
described in Manufacturing Example 13-1-3 was added triethylamine (126 |xL, 0.903 mmol), which was stirred for 7 
hours at 60°C. Water was added to the reaction solution at room temperature, which was extracted with ethyl acetate. 
The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, 
and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column chroma- 
tography (ethyl acetate : heptane = 2 : 1) to obtain the title compound (12.0 mg, 14.0%). 

1 H-NMR Spectrum (CDCI 3 ) 3 (ppm) : 2.27 (3H, s), 4.08 (2H, s), 5.81 (2H, brs), 5.84 (1 H, d, J = 8.8 Hz), 6.13 (2H, brs), 
6.44 (1 H, s), 6.47 (1 H, d, J = 3.6 Hz), 6.73 (1 H, d, J = 3.6 Hz), 6.98-7.01 (2H, m), 7.1 7-7.1 9 (2H, m), 7.54 (1 H, d, J = 8.8 Hz). 

[Example 107] 3-(3-(4-(Pyridin-4-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2, 6-diamine 



[1190] To a tetrahydrofuran (3 mL) solution of 4-(5-(2, 6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (50 mg, 
0.18 mmol) described in Manufacturing Example 18-1-1 was added a 5 N sodium hydroxide aqueous solution (35.4 (jlL, 
0.18 mmol), which was dissolved by irraditaing ultrasonic wave for 1 minute. The reaction solution was concentrated 
under a reduced pressure, which gave a white solid. This solid was suspended in N, N-dimethylformamide (1 mL). 
Meanwhile, THF (780 |a.L) and a 1 N sodium hydroxide aqueous solution (780 (j,L, 0.78 mmol) were added to 4-(chlo- 
romethyl)pyridine hydrochloride (100 mg, 0.78 mmol), and then the organic layer was separated to obtain a tetrahydro- 
furan solution of 4-(chloromethyl)pyridine. A part of this solution (354 (j.L) was added to the above-mentioned N,N- 
dimethylformamide suspension and stirred for 14.5 hours at room temperature. This reaction mixture was partitioned 
into water and ethyl acetate. The organic layer was separated, washed with water and saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure. 
The residue was purified by NH silica gel column chromatography (ethyl acetate) to obtain the title compound (64.6 mg, 
98%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm) : 3.88 (2H, s), 5.16 (2H, s), 5.79 (2H, brs), 5.82 (1 H, d, J = 8.4 Hz), 6.10 (2H, 
brs), 6.34 (1 H, s), 6.97 (2H, d, J = 8.4 Hz), 7.23 (2H, d, J = 8.8 Hz), 7.42 (2H, d, J = 5.2 Hz), 7.5 1 (1 H, d, J = 8.4 Hz), 
8.56 (2H, d, J = 5.2 Hz). 

[Example 108] 3-(3-(4-(Pyridin-3-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2, 6-diamine 



[1189] 




[1191] 



225 



EP 1 944 303 A1 




[1192] To atetrahydrofuran (3 mL) solution of 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (50 mg, 0.18 
mmol) described in Manufacturing Example 18-1-1 was added a 5 N sodium hydroxide aqueous solution (35.4 |xL, 0.18 
mmol), which was dissolved by irradiating ultrasonic wave for 1 minute. The reaction solution was concentrated under 
a reduced pressure, which gave a white solid. This solid was suspended in N, N-dimethylformamide (1 mL). Meanwhile, 
THF (780 |iL) and a 1 N sodium hydroxide aqueous solution (780 p.L, 0.78 mmol) were added to 3-(chloromethyl)pyridine 
hydrochloride (100 mg, 0.78 mmol), and then the organic layer was separated to obtain a tetrahydrofuran solution of 
3-(chloromethyl)pyridine. A part of this solution (354 (xL) was added to the above-mentioned N, N-dimethylformamide 
suspension and stirred for 15 hours at room temperature. This reaction mixture was partitioned into water and ethyl 
acetate. The organic layer was separated, washed with water and saturated aqueous sodium chloride, dried over an- 
hydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure. The residue was 
purified by NH silica gel column chromatography (ethyl acetate) to obtain the title compound (49.6 mg, 75%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm) : 3.88 (2H, s), 5.13 (2H, s), 5.79 (2H, brs), 5.83 (1 H, d; J = 8.4 Hz), 6.1 1 (2H, 
brs), 6.34 (1 H, s), 6.98 (2H, d, J = 8.4 Hz), 7.23 (2H, d, J = 8.4 Hz), 7.42 (1 H, dd, J = 4.8, 8.0 Hz), 7.51 (1 H, d, J = 8.4 
Hz), 7.85 (1 H, d, J = 8.0 Hz), 8.54 (1 H, d, J = 4.8 Hz), 8.55-8.58 (1 H, m). 

[Example 1 09] 3-(3-(4-(4-Chloro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2, 6-diamine 

[1193] 




[1194] To a tetrahydrofuran (3 mL) solution of 4-(5-(2, 6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (30 mg, 
0.11 mmol) described in Manufacturing Example 18-1-1 was added a 5 N sodium hydroxide aqueous solution (21.2 jaL, 
0.11 mmol), which was dissolved by irradiating ultrasonic wave for 1 minute. The reaction solution was concentrated 
under a reduced pressure, which gave a white solid. An N, N-dimethylformamide (1 mL) solution of 4-chloro-2-chlorome- 
thyl-pyridine (34.3 mg, 0.21 mmol) described in Manufacturing Example 51-1-2 was added to a suspension of this solid 
in N, N-dimethylformamide (1 mL), which was stirred for 1 hour at 60°C. This reaction mixture was cooled to room 
temperature and then partitioned into water and ethyl acetate. The organic layer was separated, washed with water and 
saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
under a reduced pressure. The residue was purified by NH silica gel column chromatography (heptane : ethyl acetate 
= 1 : 2), and then further purified by reverse-phase high performance liquid chromatography (using an acetonitrile-water 
mobile phase containing 0.1 %trifluoroacetic acid) to obtain the titlecompound (5.1 mg, 12%) as atrifluoro acetic acid salt. 
1 H-NMR Spectrum (CD 3 OD) S (ppm) : 3.94 (2H, s), 5.16 (2H, s), 5.95 (1H, d, J = 8.4 Hz), 6.21 (1 H, s), 6.98 (2H, d, J 
= 8.8 Hz), 7.24 (2H, d, J = 8.8 Hz), 7.35-7.45 (1 H, m), 7.56 (1 H, d, J = 8.4 Hz), 7.62-7.63 (1 H, m), 8.47 (1 H, d, J = 5.2 Hz). 
MS m/e (ESI) 408.21 (MH+) 

[Example 1 1 0] 3-(3-(4-(6-Chloro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2, 6-diamine 



[1195] 
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[1196] Toatetrahydrofuran(3mL)solutionof4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3=yliiiethyl)-phenol (30 mg, 0.11 
mmol) described in Manufacturing Example 18-1-1 was added a 5 N sodium hydroxide aqueous solution (21 .2 |xL, 0.1 1 
mmol), which was dissolved by irradiating ultrasonic wave for 1 minute. The reaction solution was concentrated under 
a reduced pressure, which gave a white solid. An N.N-dimethylformamide (1 ml_) solution of 2-chloro-6-chloromethyl- 
pyridine (34.3 mg, 0.21 mmol) described in Manufacturing Example 52-1-2 was added to a suspension of this solid in 
N,N-dimethylformamide(1 mL), which was stirred fori hour at 60°C. This reaction mixture was cooled to room temperature 
and then partitioned into water and ethyl acetate. The organic layer was separated, washed with water and saturated 
aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a 
reduced pressure. The residue was purified by NH silica gel column chromatography (heptane : ethyl acetate =1:2), 
and then further purified by reverse-phase high performance liquid chromatography (using an acetonitrile-water mobile 
phase containing 0.1 % trifluoroacetic acid) to obtain the title compound (15.9 mg, 37%) as atrifluoroacetic acid salt. 
1 H-NMR Spectrum (CDCI 3 ) S (ppm) : 3.95 (2H, s), 4.56 (2H, brs), 5.15 (2H, s), 5.30 (2H, brs), 5.90 (1 H, d, J = 8.0 Hz), 
5.99(1 H, s), 6.91 (2H, d, J = 8.8 Hz), 7.20 (2H, d, J = 8.0 Hz), 7.27-7.28 (1 H, m), 7.45 (1 H, d, J = 7.6 Hz), 7.46 (1 H, 
d, J = 8.0 Hz), 7.67 (1 H, dd, J = 7.6, 8.0 Hz). 
MS mYe(ESI) 408.1 9(MH+) 

[Example 1 1 1] 3-(3-(6-Phenoxymethyl-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1198] Toatetrahydrofuran (5.00 mL) solution of (6-phenoxymethyl-pyridin-3-yl)-acetohydroximoyl chloride (89.0 mg, 
0.322 mmol) described in Manufacturing Example 54-1-6 and 3-ethynyl-pyridin-2,6-diamine (25.0 mg, 0.188 mmol) 
described in Manufacturing Example 13-1-3 was added triethylamine (78.6 (jlL, 0.564 mmol) at room temperature, which 
was stirred for 4.5 hours at room temperature. Water was added to the reaction solution at room temperature, which 
was extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over 
anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by 
NH silica gel column chromatography (ethyl acetate : heptane = 1 : 1 -> 3 : 1) to obtain the title compound (21 .0 mg, 
29.9%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm) : 4.02 (2H, s), 5.15 (2H, s), 5.81 (2H, brs), 5.83 (1 H, d, J = 8.4 Hz), 6.12 (2H, 
brs), 6.43 (1 H, s), 6.92-6.96 (1 H, m), 7.01 (2H, d, J = 8.4 Hz), 7.27-7.31 (2H, m), 7.50 (2H, dd, J = 4.0, 16.4 Hz), 
7.74-7.77 (1 H, m), 8.56 (1 H, d, J = 2.4 Hz). 

[Example 1 1 2] 3-(3-(4-(5-Fluoro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1197] 



H 2 N N' 




"NH 2 



[1199] 
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[1200] To a tetrahydrofuran (3 mL) solution of 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (25.5 mg, 
0.09 mmol) described in Manufacturing Example 18-1-1 was added a 5 N sodium hydroxide aqueous solution (18.1 (j,L, 
0.09 mmol), which was dissolved by irradiating ultrasonic wave for 1 minute. The reaction solution was concentrated 
under a reduced pressure, which gave a white solid. An N.N-dimethylformamide (1 mL) solution of 2-chloromethyl-5- 
fluoro-pyridine (13.2 mg, 0.09 mmol) described in manufacturing Example 41-1-2 was added to a suspension of this 
solid in N.N-dimethylformamide (1 mL), which was stirred for 1 hour at 60°C. The reaction mixture was cooled to room 
temperature and then partitioned into water and ethyl acetate. The organic layer was separated, washed with water and 
saturated aqueous sodium chloride solution, dried over anhydrous magnesium sulfate, and filtered. The filtrate was 
concentrated under a reduced pressure. The residue was purified by reverse-phase high performance liquid chroma- 
tography (using an acetonitrile-water mobile phase containing 0.1 % trifluoroacetic acid) to obtain the title compound 
(23.6 mg, 67%) as a ditrifluoroacetic acid salt. 

1 H-NMR Spectrum (DMSO-D 6 ) 5 (ppm) : 3.93 (2H, s), 5.15 (2H, s), 6.04 (1 H, d, J = 8.4 Hz), 6.53 (1 H, s), 6.98 (2H, d, 
J = 8.8 Hz), 7.23 (2H, d, J = 8.4 Hz), 7.57-7.61 (1 H, m), 7.77 (1 H, dt, J = 2.8, 8.8 Hz), 7.81-7.86 (1 H, m), 8.57 (1 H, 
d, J = 2.8 Hz). 
MS m/e(ESI) 391.96(MH+) 

[Example 113] 3-(3-(4-(6-Fluoro-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 
[1201] 




[1202] To a tetrahydrofuran (3 mL) solution of (4-(6-fluoro-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride 
(200 mg, 0.678 mmol) described in Manufacturing Example 55-1-5 and 3-ethynyl-pyridin-2,6-diamine (57.6 mg, 0.433 
mmol) described in Manufacturing Example 1 3-1 -3 was added triethylamine (236 (j,L 1 .7 mmol). This mixture was stirred 
for 2 hours at room temperature. This mixture was partitioned into water and ethyl acetate. The organic layer was 
separated, washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and 
filtered. The filtrate was concentrated under a reduced pressure. The residue was purified by NH silica gel column 
chromatography (heptane : ethyl acetate =1:1- ethyl acetate) to obtain the title compound (150 mg, 57%). 
1 H-NMR Spectrum (CDCI 3 5 (ppm): 4.02 (2H, s), 4.57 (2H, brs), 5.32 (2H, s), 5.34(2H, brs), 5.91-5.93 (1 H, m), 6.00 (1 
H, s), 6.47-6.50 (1 H, m), 6.64-6.66 (1 H, m), 7.30 (2H, d, J = 8.0 Hz), 7.42 (2H, d, J = 8.0 Hz), 7.48-7.50(1 H, m), 
7.62-7.68(1 H, m). 

[Example 114] 3-(3-(4-(5-Fluoro-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1203] 
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[1204] To a tetrahydrofuran (3 mL) solution of (4-(5-fluoro-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride 
(200 mg, 0.679 mmol) described in Manufacturing Example 56-1-5 and 3-ethynyl-pyridin-2,6-diamine (57.7 mg, 0.433 
mmol) described in Manufacturing Example 13-1-3 was added triethylamine (237 |xL, 1 .7 mmol). The mixture was stirred 
for 4 hours at room temperature. This mixture was partitioned into water and ethyl acetate. The organic layer was 
separated, washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and 
filtered. The filtrate was concentrated under a reduced pressure. The residue was purified by NH silica gel column 
chromatography (heptane: ethyl acetate =1:1- ethyl acetate) to obtain the title compound (86 mg, 32%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.03 (2H, s), 4.62 (2H, brs), 5.07(2H, s), 5.39 (2H, brs), 5.92-5.94(1 H, m), 6.00 (1 
H, s), 7.13-7.16 (1 H, m), 7.31-7.33 (2H, m), 7.35-7.38 (3H, m), 7.49-7.51 (1H, m), 8.1 1 -8.12(1 H, m). 

[Example 115] 3-(3-(1-Benzyl-1 H-pyrrol-3-ylmethyl)-isoxazol-5-yl)- pyridin-2,6-diamine 

[1205] 




[1206] The title compound (7.6 mg, 2.0%) was obtained according to the method similarto those of Example 3, using 
(1 -benzyl-1 H-pyrrol-3-yl)acetohydroximoyl chloride (280 mg, 1 .1 mmol) described in Manufacturing Example 57-1 -3 and 
3-ethynyl-pyridin-2,6-diamine (74 mg, 0.56 mmol) described in Manufacturing Example 13-1-3. 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.70 (2H, s), 5.02 (2H, s), 5.77 (2H, brs), 5.83 (1 H, d, J = 8.0 Hz), 5.97 (1 H, 
dd, J = 2.0, 2.0 Hz), 6.09 (2H, brs), 6.35 (1 H, s), 6.70 (1 H, dd, J = 2.0, 2.0 Hz), 6.74 (1 H, dd, J = 2.0, 2.0 Hz), 7.1 8 
(2H, d, J = 7.6 Hz), 7.23-7.28 (1 H, m), 7.30-7.35 (2H, m), 7.51 (1 H, d, J = 8.0 Hz). 

[Example 1 1 6] 3-(3-(6-(4-Fluoro-benzyloxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 

[1207] 




[1208] To atetrahydrofuran (10.0 mL) solution of (6- (4-fluoro-benzyloxy)-pyridin-3-yl)-acetohydroximoyl chloride (133 
mg, 0.450 mmol) described in Manufacturing Example 58-1 -5 and 3-ethynyl-pyridin-2,6-diamine (30.0 mg, 0.225 mmol) 
described in Manufacturing Example 13-1-3 was added triethylamine (94.1(iL, 0.675 mmol), which was stirred for 3 
hours at room temperature. Water was added to the reaction solution at room temperature, which was extracted with 
ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous mag- 
nesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel 
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column chromatography (ethyl acetate : heptane = 3 : 1) to obtain the title compound (67.4 mg, 76.5%). 
1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm) : 3.92 (2H, s), 5.31 (2H, s), 5.81 (2H, brs), 5.83 (1 H, d, J = 8.4 Hz), 6.12 (2H, 
brs), 6.40 (1 H, s), 6.84 (1 H, d, 8.4 Hz), 7.19 (2H, d, J = 8.8 Hz), 7.47-7.53 (3H, m), 7.65-7.67 (1 H, m), 8.14 (1 H, d, J = 
2.0 Hz). 

[Example 1 1 7] 3-(3-(4-(4-Fluoro-pyridin-2-yloxymethyl)-benzyi)-isoxazol-5-yl)-pyridin-2,6-diamine 
[1209] 




[1210] To a tetrahydrofuran (3 mL) solution of (4-(4-fluoro-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride 
(200 mg, 0.679 mmol) described in Manufacturing Example 59-1-5 and 3-ethynyl-pyridin-2,6-diamine (57.7 mg, 0.433 
mmol) described in Manufacturing Example 1 3-1 -3 was added triethylamine (237 |xL, 1 .7 mmol). This mixture was stirred 
for 4 hours at room temperature. This mixture was partitioned into water and ethyl acetate. The organic layer was 
separated, washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and 
filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified by NH silica gel column 
chromatography (heptane : ethyl acetate 1=1- ethyl acetate) to obtain the title compound (113 mg, 43%). 
1 H-NMR Spectrum (CD 3 OD) 5 (ppm): 4.02 (2H, s), 5.18 (2H, s), 5.94-5.96 (1H, m), 6.23 (1 H, s), 6.99-7.01 (1 H, m), 
7.097-7.103 (1 H, m), 7.34-7.36 (2H, m), 7.40-7.42 (2H, m), 7.54-7.56 (1H, m), 8.14-8.15 (1H, m). 

[Example 1 1 8] 3-(3-(3-(Pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 

[1211] 




[1212] To a tetrahydrofuran (3 mL) solution of 3-(pyridin-2-ylmethoxy)-phenyl)-acetohydroximoyl chloride (200 mg, 
0.723 mmol) described in Manufacturing Example 60-1-4 and 3-ethynyl-pyridin-2,6-diamine (61.4 mg, 0.461 mmol) 
described in Manufacturing Example 13-1-3 was added triethylamine (252 ^L, 1 .81 mmol). This mixture was stirred for 
2 hours at room temperature. This mixture was partitioned into water and ethyl acetate. The organic layer was separated, 
washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The 
filtrate was concentrated under a reduced pressure. The residue was purified by NH silica gel column chromatography 
(heptane : ethyl acetate =1:1- ethyl acetate) to obtain the title compound (87 mg, 32%). 

1 H-NMR Spectrum (CD 3 OD 5 (ppm): 3.96 (2H, s), 5.16 (2H, s), 5.94-5.97 (1H, m), 6.17 (1 H, s), 6.87-6.92 (3H, m), 
7.21-7.25 (1 H, m), 7.29-7.32 (1 H, m), 7.53-7.57 (2H, m), 7.79-7.84 (1 H, m), 8.48-8.50 (1H,m). 

[Example 1 1 9] 3-(3-(3-Benzyloxy-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1213] 
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[1214] To atetrahydrofuran (3 mL) solution of (3-benzyloxy-phenyl)-acetohydroximoyl chloride (200 mg, 0.724 mmol) 
described in Manufacturing Example 61-1-4 and 3-ethynyl-pyridin-2,6-diamine (61.5 mg, 0.462 mmol) described in 
Manufacturing Example 13-1-3 was added triethylamine (252 |xL. 1 .81 mmol). This mixture was stirred for 4 hours at 
room temperature. This mixture was partitioned into water and ethyl acetate. The organic layer was separated, washed 
with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate 
was concentrated under a reduced pressure. The residue was purified by NH silica gel column chromatography (heptane : 
ethyl acetate =1:1- ethyl acetate) to obtain the title compound (138 mg, 51%). 

1 H-NMR Spectrum (CD 3 OD) S (ppm): 3.95 (2H, s), 5.07 (2H, s), 5.95-5.97 (1H, m), 6.17 (1 H, s), 6.86-6.88 (2H, m), 
6.92 (1 H, m), 7.20-7.27 (2H, m), 7.31-7.35 (2H, m), 7.39-7.41 (2H, m), 7.53-7.55 (1 H, m). 

[Example 1 20] 3-(3-(4-(5-Chloro-furan-2-ylmethyl)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 

[1215] 




[1216] To a mixture of (4-(5-chloro-furan-2-ylmethyl)-phenyl)-acetohydroximoyl chloride (25 mg, 0.088 mmol) de- 
scribed in Manufacturing Example 62-1-6 and tetrahydrofuran (1 mL) were added 3-ethynyl-pyridin-2,6-diamine (9 mg, 
0.068 mmol) described in Manufacturing Example 13-1-3 and triethylamine (19 (iL, 0.14 mmol), which was stirred for 1 
hour at room temperature. Water was added to the reaction mixture at the same temperature, which was extracted with 
ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and was concentrated under a 
reduced pressure. The residue was purified by reverse-phase high performance liquid chromatography (using an ace- 
to nit rile -water mobile phase containing 0.1 %trifluoroacetic acid) to obtain the title compound as a trifluoroacetate(10mg, 
28%). 

MS m/e(ESI) 381.13(MH+) 

[Example 121] 3-(3-(5-Phenoxy-pyridin-2-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 
[1217] 




[1218] The title compound (26 mg, 34%) was obtained according to the method similar to those of Example 3, using 
(5-phenoxy-pyridin-2-yl)-acetohydroximoyl chloride (56 mg, 0.21 mmol) described in Manufacturing Example 121-1-5 
and 3-ethynyl-pyridin-2,6-diamine (42 mg, 0.32 mmol) described in Manufacturing Example 13-1-3. 
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1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.1 1 (2H, s), 5.80 (2H, brs), 5.83 (1 H, d, J = 8.0 Hz), 6.12 (2H, brs), 6.40 (1 H, 
s), 7.05 (2H, d, J = 8.0 Hz), 7.15-7.21 (1 H, m), 7.38-7.45 (4H, m), 7.52 (1 H, d, J = 8.0 Hz), 8.31 (1 H, s). 
[1219] The starting material, (5-phenoxy-pyridin-2-yl)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 121-1-1] 2-Methyl-5-phenoxy-pyridine 



[1221] Diphenyliodonium iodide (5.8 g, 14mmol),3-hydroxy-6-methylpyridine(1.6g, 1 4 mmol), potassium fert-butoxide 
(1.7 g, 15 mmol), and tetrahydrofuran (60 ml_) were stirred for 2.5 hours at 60°C. Water was added to the reaction 
solution, which was extracted with ethyl acetate. The solvent was evaporated under a reduced pressure, and the residue 
was purified by silica gel column chromatography (heptane : ethyl acetate = 3 : 1)to obtain the title compound (1.5 g, 56%). 
1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 2.46 (3H, s), 7.00-7.04 (2H, m), 7.13-7.18 (1 H, m), 7.28 (1 H, d, J = 8.4 Hz), 
7.37 (1 H, dd, J = 2.8, 8.4 Hz), 7.37-7.43 (2H, m), 8.24 (1 H, d, J = 2.8 Hz). 

[Manufacturing Example 121-1-2] (5-Phenoxy-pyridin-2-yl)-methanol 



[1223] A mixture of 2-methyl-5-phenoxy-pyridine (3.6 g, 19 mmol) described in Manufacturing Example 121-1-1, 3- 
chloroperoxybenzoic acid (5.6 g, 33 mmol), and methylene chloride (80 mL) was stirred at room temperature for 45 
minutes. Aqueous sodium sulfite was added to the reaction solution, and the organic layer was separated and was 
washed with 5 N aqueous sodium hydroxide (7 mL). The organic layer was dried over anhydrous magnesium sulfate, 
and then the solvent was evaporated under a reduced pressure to obtain 2-methyl-5-phenoxy-pyridine 1 -oxide (3.3 g). 
2-methyl-5-phenoxy-pyridine 1 -oxide (3.3 g, 1 6 mmol) and acetic anhydride (20 mL) were stirred for 40 minutes at 1 1 5°C. 
Acetic anhydride was evaporated under a reduced pressure, aqueous sodium bicarbonate and ethyl acetate were added 
to the residue, and the organic layer was separated. The ethyl acetate solution was concentrated under a reduced 
pressure, and the residue was purified by silica gel column chromatography (heptane : ethyl acetate = 2: 1) to obtain 
an acetic acid 5-phenoxy-pyridin-2-ylmethyl ester (3.0 g). Acetic acid 5-phenoxy-pyridin-2-ylmethyl ester (3.0 g, 12 
mmol), 5 N aqueous sodium hydroxide (8.0 mL), and methanol (20 mL) were stirred for 20 minutes at 60°C. Water and 
ethyl acetate were added to the reaction solution, and the organic layer was separated. The ethyl acetate layer was 
dried over anhydrous magnesium sulfate, and then the solvent was evaporated under a reduced pressure to obtain the 
title compound (2.6 g, 65%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 4.57 (2H, d, J = 6.0 Hz), 5.44 (1 H, t, J = 6.0 Hz), 7.00-7.08 (2H, m), 7.15-7.20 
(1 H, m), 7.38-7.53 (4H, m), 8.29 (1 H, d, J = 2.8 Hz). 

[Manufacturing Example 121-1-3] 5-Phenoxy-pyridine-2-carbaldehyde 



[1220] 




[1222] 




[1224] 
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[1225] (5-Phenoxy-pyridin-2-yl)-methanol (300 mg, 1 .5 mmol) described in Manufacturing Example 121-1-2, magne- 
sium^) oxide (1.3 g, 15 mmol), and acetone (10 mL) were stirred under reflux for 20 minutes. More magnesium (IV) 
10 oxide (1 .5 g, 1 7 mmol) was then added, which was stirred under reflux for another 20 minutes. The reaction solution 
was filtered through a Celite pad, and then the filtrate was concentrated under a reduced pressure to obtain the title 
compound (220 mg, 74%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 7.20-7.25 (2H, m), 7.29-7.34 (1 H, m), 7.47-7.54 (3H, m), 7.95-8.00 (1 H, m), 
8.57-8.60 (1 H, m), 9.94 (1 H, s). 

15 

[Manufacturing Example 121-1-4] 2-(2-Nitro-ethyl)-5-phenoxy-pyridine 
[1226] 

20 




[1227] A mixture of 5-phenoxy-pyridine-2-carbaldehyde (700 mg, 3.5 mmol) described in Manufacturing Example 
121-1-3, lithium methoxide (1 70 mg, 4.6 mmol), nitromethane (280 mg, 4.6 mmol), and methanol (1 0 mL) was dissolved 
by irradiating ultrasonic wave for 2 minutes at room temperature, after which the reaction solution was concentrated 

so under a reduced pressure. Acetic anhydride (30 mL) and triethylamine (1.1 g, 11 mmol) were added to the residue, 
which was stirred for 1 0 minutes at room temperature, after which the reaction solution was concentrated under a reduced 
pressure. Ethyl acetate was added to the residue, and the organic layer was separated and washed with saturated 
aqueous sodium chloride once and then dried over anhydrous magnesium sulfate. The solvent was evaporated under 
a reduced pressure, dimethyl sulfoxide (5.0 mL), acetic acid (0.50 mL), and sodium borohydride (270 mg, 7.0 mmol) 

35 were added to the residue, which was stirred for 5 minutes at room temperature. Water and ethyl acetate were added 
to the reaction solution, and then the ethyl acetate layer was separated and washed with aqueous sodium bicarbonate, 
water, and saturated aqueous sodium chloride. The solvent was evaporated under a reduced pressure, and the residue 
was purified first by silica gel column chromatography (heptane : ethyl acetate = 2:1) and then NH silica gel column 
chromatography (heptane : ethyl acetate =4:1 then 2:1) to obtain the title compound (76 mg, 8.9%). 

40 1H-NMR Spectrum (DMSO-d 6 ) 5 (ppm) : 3.40 (2H,d, J = 6.4 Hz), 4.98 (2H, d, J = 6.4 Hz), 7.02-7.06 (2H, m), 7.16-7.21 
(1 H, m), 7.39-7,46 (4H, m), 8.28 (1 H, d, J = 2.4 Hz). 

[Manufacturing Example 121-1-5] (5-Phenoxy-pyridin-2-yl)-acetohydroximoyl chloride 
45 [1228] 



50 




[1229] To 2-(2-nitro-ethyl)-5-phenoxy-pyridine (76 mg, 0.31 mmol) described in Manufacturing Example 121-1-4 and 
methanol (6.0 mL) was added lithium methoxide (24 mg, 0.62 mmol) at room temperature , which was stirred for 3 
55 minutes, and then the solvent was evaporated under a reduced pressure. Methylene chloride (10 mL) was added to the 
residue, titanium(IV) chloride (0.1 1 mL, 1 .0 mmol) was added at room temperature, which was stirred for 10 minutes. 
Cold aqueous sodium bicarbonate and ethyl acetate were added to the reaction solution, which was filtered through a 
Celite pad, and then the organic layer was separated. The organic layer was concentrated under a reduced pressure 
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to obtain the title compound (56 mg, 69%). 

1 H-NMR Spectrum (DMSO-d 6 ) 6 (ppm) : 3.99 (2H, s), 7.00-7.10 (2H, m), 7.13-7.22 (1 H, m), 7.34-7.48 (4H, m), 8.32 (1 
H,d, J = 2.4 Hz), 11.75(1 H, s). 

[Example 122] 3-(3-(4-(5-Chloro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1231] To atetrahydrofuran (3 mL) solution of 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (30 mg, 0.11 
mmol) described in Manufacturing Example 18-1-1 was added a 5 N sodium hydroxide aqueous solution (21 .2 julL, 0.1 1 
mmol), which was dissolved by irradiating ultrasonic wave for 1 minute. The reaction solution was concentrated under 
a reduced pressure, which gave a white solid. An N,N-dimethylformamide (1 mL) solution of 5-chloro-2-chloromethyl- 
pyridine (18.9 mg, 0.12 mmol) described in manufacturing Example 63-1-2 was added to asuspension of this solid in 
N,N-dimethylformamide(1 mL), which was stirred fori hourat60°C.The reaction mixture was cooled to room temperature 
and then partitioned into water and ethyl acetate. The organic layer was separated, washed with water and saturated 
aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a 
reduced pressure, and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 1: 
1) to obtain the title compound (38.4 mg, 89%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm) : 3.88 (2H, s), 5.16 (2H, s), 5.79 (2H, brs), 5.82 (1 H, d, J = 8.4 Hz), 6.1 1 (2H, 
brs), 6.34 (1 H, s), 6.97 (2H, d, J = 8.8 Hz), 7.23 (2H, d, J = 8.8 Hz), 7.51 (1 H, d, J = 8.4 Hz), 7.54 (1 H, d, J = 8.4 Hz), 
7.96 (1 H, dd, J = 2.4, 8.4 Hz), 8.63 (1 H, d, J = 2.8 Hz). 

[Example 1 23] 3-(3-(3-Phenoxy-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1233] To atetrahydrofuran (10.0 mL) solution of (3-phenoxy-phenyl)-acetohydroximoyl chloride (1 33 mg, 0.508 mmol) 
described in Manufacturing Example 64-1-3 and 3-ethynyl-pyridine-2,6-diamine (30.0 mg, 0.254 mmol) described in 
Manufacturing Example 13-1-3 was added triethylamine (94.1 jiL, 0.675 mmol) at room temperature, which was stirred 
for 14 hours at room temperature. Water was added to the reaction solution at room temperature, which was extracted 
with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous 
magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica 
gel column chromatography (ethyl acetate heptane = 3 : 1) to obtain the title compound (26.1 mg, 80.6%). 
1 H-NMR Spectrum (CD 3 OD) 5 (ppm) : 3.95 (2H, s), 5.81 (2H, brs), 5.84 (1 H, d, J = 8.4 Hz), 6.12 (2H, brs), 6.38 (1 H, 
s), 6.84-6.87 (1 H, m), 6.98-7.02 (3H, m), 7.07 (1H, d, J = 8.0 Hz), 7.12-7.16 (1 H, m), 7.31-7.41 (3H, m), 7.52(1 H, d, 
J = 8.4 Hz). 



[1230] 
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[Example 1 24] 3-(3-(3-Butoxy-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1234] 




[1235] To a tetrahydrofuran (3 ml_) solution of (3-butoxy-phenyl)-acetohydroximoyl chloride (150 mg, 0.621 mmol) 
described in Manufacturing Example 65-1-4 and 3-ethynyl-pyridin-2,6-diamine (52.8 mg, 0.396 mmol) described in 
Manufacturing Example 13-1-3 was added triethylamine (2-16 |aL, 1.55 mmol). This mixture was stirred for 4 hours at 
room temperature. The mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed 
with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate 
was concentrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography 
(ethyl acetate : heptane =1:1 1 ~ ethyl acetate) to obtain the title compound (43 mg, 21 %). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 0.95-0.98 (3H, m), 1.45-1.51 (2H, m), 1.72-1.77 (2H, m), 3.96-3.99 (2H, m), 3.98 
(2H, s), 4.59 (2H, brs), 5.36 (2H, brs), 5.91-5.93 (1 H, m), 6.01 (1 H, s), 6.78-6.86 (4H, m), 7,21-7.24 (1 H, m). 

[Example 1 25] 3-(3-(3-Cyclopropylmethoxy-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1237] To a tetrahydrofuran (3 ml_) solution of (3-cyclopropylmethoxy-phenyl)-acetohydroximoyl chloride (150 mg, 
0.626 mmol) described in Manufacturing Example 66-1-4 and 3-ethynyl-pyridin-2,6-diamine (53.2 mg, 0.399 mmol) 
described in Manufacturing Example 13-1-3 was added triethylamine (218 n_L, 1.57 mmol). This mixture was stirred for 
4 hours at room temperature. The mixture was partitioned into ethyl acetate and water. The organic layer was separated, 
washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The 
filtrate was concentrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography 
(ethyl acetate : heptane = 1:1- ethyl acetate) to obtain the title compound (1 1 7 mg, 56%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 0.32-0.36 (2H, m), 0.61-0.66 (2H, m), 1.22-1.29 (1H, m), 3.77-3.79 (2H, m), 3.98 
(2H, s), 4.58 (2H, brs), 5.35 (2H, brs), 5.91-5.93 (1 H, m), 6.00 (1 H, s), 6.78-6.87 (3H, m), 7.21-7.25 (1 H, m), 7.48-7.50 
(1H, m). 

[Example 1 26] 3-(3-(4-Butoxy-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1236] 




[1238] 
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[1239] To a tetrahydrofuran (3 mL) solution of (4-butoxy-phenyl)-acetohydroximoyl chloride (150 mg, 0.621 mmol) 
described in Manufacturing Example 67-1-4 and 3-ethynyl-pyridin-2,6-diamine (52.8 mg, 0.396 mmol) described in 
Manufacturing Example 13-1-3 was added triethylamine (216 |xL, 1.55 mmol). This mixture was stirred for 4 hours at 
room temperature. The mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed 
with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate 
was concentrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography 
(ethyl acetate : heptane = 1:1- ethyl acetate) to obtain the title compound (155 mg, 74%). 

1 H-NMR Spectrum (CDCI 3 ) 6 (ppm): .0.95-0.99 (3H, m), 1.46-1.53 (2H, m), 1.72-1.79 (2H, m), 3.92-3.96 (4H, m), 4.60 
(2H, brs), 5.37 (2H, brs), 5.91-5.92 (1 H, m), 5.98(1 H, s), 6.84-6.86 (2H, m), 7.17-7.19 (2H, m), 7.48-7.50(1 H, m). 

[Example 1 27] 3-(3-(5-Benzyloxy-pyridin-2-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1241] To a mixture of 2-(5-benzyloxy-pyridin-2-yl)-N-hydroxy-acetamidine (50 mg, 0.19 mmol) described in Manu- 
facturing Example 127-1-5 and a 5 N hydrochloric acid aqueous solution (1 mL) was added sodium nitrite (20 mg, 0.29 
mmol) at 0°C, which was stirred for 20 minutes at 0 C C. Sodium hydrogencarbonate and water were added to the reaction 
mixture at 0°C, which was extracted with ethyl acetate. The organic layer was separated, washed with saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure. To a tetrahydrofuran (3 mL) solution of this residue were added 3-ethynyl-pyridin-2,6-diamine (1 0 mg, 0.39 
mmol) described in Manufacturing Example 1 3-1 -3 and triethylamine (27 |*.L, 0.1 9 mmol), which was stirred for 40 minutes 
at 50°C under nitrogen atmosphere. Water was added to the reaction mixture at room temperature, which was extracted 
with ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhy- 
drous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure. The residue was purified 
by NH silica gel column chromatography (ethyl acetate : heptane = 2 : 1), and then purified further by reverse-phase 
high performance liquid chromatography (using an acetonitrile-water mobile phase containing 0.1 % trifluoroacetic acid) 
to obtain the title compound (4.7 mg, 4.0%) as a ditrifluoroacetic acid salt. 
MS m/e (ESI) (MH+) 374.01 (MH+) 

[1242] The starting material, 2-(5-benzyloxy-pyridin-2-yl)-N-hydroxy-acetamidine, was synthesized as follows. 
[Manufacturing Example 1 27-1 -1 ] 5-Benzyloxy-2-methyl-pyridine 



[1240] 
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[1244] To an N,N-dimethylformamide (50 mL) solution of 3-hydroxy-6-methylpyridine (5.00 g, 45.8 mmol) was added 
sodium hydride (2.02 g, 50.4 mmol, 60% in oil), which was stirred for 15 minutes at 0°C. Next, benzyl bromide (5.99 mL, 

io 50.4 mmol) was added to this reaction mixture at 0°C, which was stirred for 3.5 hours at room temperature. Water was 
added to the reaction mixture, which was extracted with ethyl acetate. The organic layer was separated, washed with 
water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was 
concentrated under a reduced pressure. The residue was purified by silica gel column chromatography (heptane : ethyl 
acetate = 2 : 1) to obtain the title compound (5.99 g, 66%). 

is 1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 2.49 (3H, s), 5.08 (2H, s), 7.05 (1 H, d, J = 8.6 Hz), 7.1 7 (1 H, dd, J = 2.9, 8.4 Hz), 
7.31 -7.44 (5H, m), 8.27 (1 H, d, J = 2.9 Hz). 

[Manufacturing Example 127-1-2] (5-Benzyloxy-pyridin-2-yl)-methanol 



[1246] To a methylene chloride (100 mL) solution of 5-benzyloxy-2-methyl-pyridine (5.99 g, 30.1 mmol) described in 
Manufacturing Example 127-1-1 was added m-chloroperbenzoic acid (8.79 g, 33.1 mmol, purity: 65%) at 0°C, which 
was stirred for 2 hours at room temperature. Saturated aqueous sodium bicarbonate was added to the reaction mixture 
at 0°C, which was extracted with methylene chloride. The organic layer was separated, washed with saturated aqueous 

35 sodium bicarbonate and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The 
filtrate was concentrated under a reduced pressur to obtain 5-benzyloxy-2-methyl-pyridine-1 -oxide (7.71 g). Acetic 
anhydride (77 mL) was added to 5-benzyloxy-2-methyl-pyridine-1 -oxide (7.71 g) thus obtained, which was stirred for 80 
minutes at 120°C. This mixture was cooled to room temperature and then concentrated under a reduced pressure. To 
an ethanol (50 mL) solution of this residue was added a 5 N sodium hydroxide aqueous solution (7 mL), which was 

40 stirred for 50 minutes at room temperature. The reaction mixture was concentrated under a reduced pressure. The 
residue was partitioned into saturated aqueous sodium chloride and ethyl acetate. The organic layer was separated, 
washed with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was 
concentrated under a reduced pressure, and the residue was purif ied by NH silica gel column chromatography (heptane : 
ethyl acetate = 1 : 1) to obtain the title compound (4.17 g, 54%). 



« 1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.46 (2H, d, J = 5.9 Hz), 5.15 (2H, s), 5.26 (1 H, t, J = 5.9 Hz), 7.29-7.40 (4H, 
m), 7.42-7.45 (3H, m), 8.22 (1 H, d, J = 2.9 Hz). 

[Manufacturing Example 127-1-3] 5-Benzyloxy-2-chloromethyl-pyridine 



20 [1245] 
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[1248] To a carbon tetrachloride (10 mL) solution of (5-benzyloxy-pyridin-2-yl)-methanol (500 mg) described in Man- 
ufacturing Example 127-1-2 was added triphenylphosphine (791 mg), which was refluxed for 19 hours and 35 minutes 
under nitrogen atmosphere. The reaction mixture was cooled to room temperature and then concentrated under a 
reduced pressure, and the residue was purified by silica gel column chromatography (heptane : ethyl acetate = 3:1) to 
obtain the title compound (386 mg). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm):4.64 (2H, s), 5.12 (2H, s), 7.25-7.28 (1H, m), 7.35-7.44 (6H, m), 8.34 (1 H, d, J = 
2.7 Hz). 

[Manufacturing Example 127-1-4] (5-Benzyloxy-pyridin-2-yl)-acetonitrile 



[1250] To a solution of 5-benzyloxy-2-chloromethyl-pyridine (2.13 g, 9.1 1 mmol) described in Manufacturing Example 
1 27-1 -3 in ethanol (30 mL) and water (1 0 mL) was added sodium cyanide (580 mg, 11.8 mmol), which was stirred for 
4 hours and 25 minutes under reflux. Water was added to the reaction mixture at room temperature, which was extracted 
with ethyl acetate. The organic layer was separated, dried over anhydrous magnesium sulfate, and filtered. The filtrate 
was concentrated undera reduced pressure, and the residue waspurified by silica gel column chromatography (heptane : 
ethyl acetate = 1 : 1 ) to obtain the title compound (1 .77 g, 87%). 

1 H-NMR Spectrum (CDCI 3 ) 6 (ppm):3.88 (2H, s), 5.12 (2H, s), 7.29 (1H, d, J = 2.7 Hz), 7.32-7.42 (6H, m), 8.33 (1 H, d, 
J = 2.7 Hz). 

[Manufacturing Example 127-1-5] 2-(5-Benzyloxy-pyridin-2-yl)-N-hydroxyacetamidine 



[1252] To an ethanol (30 mL) solution of (5-benzyloxy-pyridin-2-yl)-acetonitrile (1.77g, 7.89 mmol) described in Man- 
ufacturing Example 127-1-4 were added hydroxylammonium chloride (848 mg, 11.8 mmol) and potassium carbonate 
(2.18 g, 15.8 mmol), which was stirred for 1 1 hours and 20 minutes at 70°C. The mixture was then stirred for another 5 
hours and 45 minutes under reflux. Water was added to the reaction mixture at room temperature, which was extracted 
with ethyl acetate. The organic layer was separated, dried over anhydrous magnesium sulfate, and filtered. The filtrate 
was concentrated under a reduced pressure, and the residue was purified by silica gel column chromatography (ethyl 
acetate : methanol =10:1) to obtain the title compound (550 mg, 27%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm):3.61 (2H, s), 5.15 (2H, s), 7.21 (1H, d, J = 8.4 Hz), 7.32-7.47 (6H, m), 8.08 (1 
H, s), 8.22 (1 H, d, J = 3.1 Hz), 8.32 (1 H, s), 9.49 (1H, s). 

[Example 128] 3-(3-(4-Benzylamino-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1249] 
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H 2 N' 




10 [1254] To a tetrahydrofuran (3 ml_) solution of (4-benzylamino-phenyl)-acetohydroximoyl chloride (150 mg, 0.546 
mmol) described in Manufacturing Example 68-1-4 and 3-ethynyl-pyridin-2,6-diamine (46.4 mg, 0.348 mmol) described 
in Manufacturing Example 13-1-3 was added triethylamine (190 |aL, 1.37 mmol). The mixture was stirred for 6.5 hours 
at room temperature. This mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed 
with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate 

is was concentrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography 
(heptane : ethyl acetate = 1:1- ethyl acetate) to obtain the title compound (17 mg, 8.4%). 

1H - NMR Spectrum (CDCI 3 ) S (ppm): 3.89 (2H, s), 4.31 (2H, s), 4.52-4.58 (2H, m), 5.33 (2H, brs), 5.90-5.92 (1 H, m), 

5.99 (1 H, s), 6.58-6.62 (2H, m), 7.07-7.09 (2H, m), 7.25-7.38 (5H, m), 7.48-7.52 (1 H, m). 

[1255] Note that it was not observed that proton on the amino group of NH-CH2Ph appeared on the NMR chart. 

20 

[Example 1 29] 3-(3-(4-Phenylamino-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 
[1256] 



35 [1257] To a tetrahydrofuran (3 mL) solution of (4-phenylamino-phenyl)-acetohydroximoyl chloride (150 mg, 0.576 
mmol) described in Manufacturing Example 69-1-4 and 3-ethynyl-pyridin-2,6-diamine (48.9 mg, 0.367 mmol) described 
in Manufacturing Example 13-1-3 was added triethylamine (201 |xL, 1.44 mmol). This mixture was stirred for 6.5 hours 
at room temperature. The mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed 
with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate 

40 was concentrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography 
(heptane : ethyl acetate = 1 : 1 ~ ethyl acetate) to obtain the title compound (107 mg, 52%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 3.96 (2H, s), 4.55 (2H, brs), 5.34 (2H, brs), 5.69 (1 H, brs), 5.91 -5.94 (1 H, m), 6.02 
(1 H, s), 6.91-6.94 (1 H, m), 7.03-7.07 (4H, m), 7.16-7.18 (2H, m), 7.24-7.28 (2H, m), 7.49-7.51 (1 H, m). 

■is [Example 130] 3-(3-(4-Butyl-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 

[1258] 
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[1259] To a tetrahydrofuran (3 mL) solution of (4-butyl-phenyl)-acetohydroximoyl chloride (150 mg, 0.665 mmol) de- 
scribed in Manufacturing Example 70-1-3 and 3-ethynyl-pyridin-2,6-diamine (56.5 mg, 0.424 mmol) described in Man- 
ufacturing Example 13-1-3 was added triethylamine (232 jxL, 1.66 mmol). This mixture was stirred for 5 hours at room 
temperature. The mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed with 
water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, 
and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate =1:1- ethyl acetate) to 
obtain the title compound (66 mg, 31 %). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 0.90-0.94 (3H, m), 1.30-1.40 (2H, m), 1.55-1.62 (2H, m), 2.57-2.61 (2H, m), 3.98 
(2H, s), 4.55 (1 H, brs), 5.34 (2H, brs), 5.91-5.93 (2H, m), 6.00 (1 H, s), 7.14 (2H, d, J = 8.0 Hz), 7.19(2H, d, J = 8.0 Hz), 
7.48-7.50 (1H, m). 

[Example 131] 3-(3-(6-(3-Fluoro-phenoxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1261] To a tetrahydrofuran (2 mL) solution of 3-ethynyl-pyridin-2,6-diamine (10 mg, 75 |xmol) described in Manufac- 
turing Example 13-1-3 and (6-(3-fluoro-phenoxy)-pyridin-3-yl)-acetohydroximoyl chloride (42 mg, 0.15 mmol) described 
in Manufacturing Example 71-1-4 was added triethylamine (21 |xL, 0.15 mmol), which was stirred for 1 hour at 50°C 
under nitrogen atmosphere. Water was added at room temperature to the reaction mixture at room temperature, which 
was extracted with ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium chloride, 
dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the 
residue was purified by NH silica gel column chromatography (ethyl acetate : methanol = 20 : 1) to obtain the title 
compound (27 mg, 95%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm):3.98 (2H, s), 4.57 (2H, s), 5.33 (2H, s), 5.94 (1 H, dd, J = 0.73, 8.2 Hz), 6.01 (1 H, 
s), 6.86-6.94 (4H, m), 7.31 -7.37 (1 H, m), 7.49 (1 H, d, J = 8.4 Hz), 7.64 (1 H, dd, J = 2.6, 8.4 Hz), 8.1 5 (1 H, d, J = 2.6 Hz). 

[Example 132] 3-(3-(6-(4-Fluoro-phenoxymethyl)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1263] To a methanol (5.00 mL) solution of 2-(4-fluoro-phenoxymethyl)-5-(2-nitrovinyl)-pyridine (50.0 mg, 0.1 81 mmol) 
described in Manufacturing Example 72-1-3 was added lithium methoxide (13.7 mg, 0.362 mmol)under nitrogen atmos- 
phere, which was stirred for 30 minutes at room temperature. The reaction mixture was concentrated under a reduced 
pressure, and anhydrous dichloromethane (4.00 mL) and anhydroustetrahydrofuran (2.00 mL) were added to the residue. 
Titanium (IV) tetrachloride (63.7 |xL, 0.579 mmol) was added dropwise to the reaction mixture on a dry ice-ethanol bath 
(-78°C), after which the system was stirred for 40 minutes at 0°C. Water and ethyl acetate were added to the reaction 
mixture on an ice bath (0°C), and the organic layer was extracted with ethyl acetate. This organic layer was washed 
with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and then filtered. The 
filtrate was concentrated under a reduced pressure to obtain a crude product (43.0 mg). To a tetrahydrofuran (5.00 mL) 



[1260] 
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solution of 3-ethynyl-pyridin-2,6-diamine (4.00 mg, 0.030 mmol) described in Manufacturing Example 13-1-3 and this 
crude product (20.0 mg) was added triethylamine (12.5 |xL, 0.090 mmol), which was stirred for 2 hours at room temper- 
ature. Water was added to the reaction solution at room temperature, which was extracted with ethyl acetate. The organic 
layer was washed with a saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, and the 
solvent was evaporated under a reduced pressure. The residue was purified by reverse-phase high performance liquid 
chromatography (using an acetonitrile-water mobile phase containing 0.1 % trifluoroacetic acid) to obtain the title com- 
pound (1.53 mg, 25.4%) as a ditrifluoroacetic acid salt. 
MS m/e(ESI) 392.1 8(MH + ) 

[Example 1 33] 3-(3-(4-Phenylaminomethyl-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1265] To a tetrahydrofuran (3 mL) solution of (4-phenylaminomethyl-phenyl)-acetohydroximoyl chloride (150 mg, 
0.546 mmol) described in Manufacturing Example 73-1-6 and 3-ethynyl-pyridin-2,6-diamine (46.4 mg, 0.348 mmol) 
described in Manufacturing Example 13-1-3 was added triethylamine (104 |a.L, 0.748 mmol). This mixture was stirred 
for 7 hours at room temperature. This mixture was partitioned into ethyl acetate and water. The organic layer was 
separated, washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
under a reduced pressure, and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate 
= 1 : 1 to 1 : 2 - ethyl acetate) to obtain the title compound (26 mg, 13%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.00 (2H, s), 4.31 (2H, brs), 4.46 (2H, brs), 5.25 (2H, brs), 5.90-5.92 (1 H, m), 5.99 
(1 H, S), 6.62-6.64 (2H, m), 6.69-6.73 (1 H, m), 7.15-7.20 (2H, m), 7.25-7.27 (1 H, m), 7.32-7.34(2H, m), 7.47-7.49(1 H, m). 
[1266] Note that it was not observed that proton on the amino group of PhNHCH2 appeared on the NMR chart. 

[Example 134] 3-(3-(6-(2-Fluoro-phenoxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1268] To a mixture of (6-(2-fluoro-phenoxy)-pyridin-3-yl)-acetohydroximoyl chloride (28 mg) described in Manufac- 
turing Example 74-1-4 and tetrahydrofuran (1 mL) were added 3-ethynyl-pyridin-2,6-diamine (10 mg, 0.075 mmol) de- 
scribed in Manufacturing Example 13-1-3 and triethylamine (21 |aL, 0.15 mmol), which was stirred for 5 hours at room 
temperature. Water was added to the reaction mixture at the same temperature, which was extracted with ethyl acetate. 
The organic layer was washed with saturated aqueous sodium chloride, and was concentrated under a reduced pressure. 
The residue was purified by NH silica gel column chromatography (ethyl acetate alone) to obtain the title compound (1 3 
mg, 45%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.96 (2H, s), 4.50 (2H, brs), 5.27 (2H, brs), 5.93 (1 H, d, J = 8.4 Hz), 5.99 (1 H, 
s), 6.96(1 H,d,J = 8.6Hz),7.16-7.23(4H,m),7.48(1H,d,J = 8.2Hz),7.62(1 H,dd,J = 2.6,8.4Hz),8.08(1 H,d, J = 2.6Hz). 

[Example 135] 3-(3-(6-(4-Fluoro-phenoxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 
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[1270] To a mixture of (6-(4-fluoro-phenoxy)-pyridin-3-yl)-acetohydroximoyl chloride (25 mg) described in Manufac- 
turing Example 75-1-4 and tetrahydrofuran (1 ml_) were added 3-ethynyl-pyridin-2,6-diamine (8 mg, 0.060 mmol) de- 
scribed in Manufacturing Example 13-1-3 and triethylamine (17 |aL, 0.12 mmol), which was stirred for 5 hours at room 
temperature. Water was added to the reaction mixture at the same temperature, which was extracted with ethyl acetate. 
The organic layer was washed with saturated aqueous sodium chloride, and was concentrated under a reduced pressure. 
The residue was purified by NH silica gel column chromatography (ethyl acetate) to obtain the title compound (8.7 mg, 
38%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 3.95 (2H, s), 5.81 (2H, br s), 5.83 (1 H, d, J = 8.4 Hz), 6.12 (2H, br s), 6.41 (1 
H, s), 7.00 (1 H, d, J = 8.4 Hz), 7.14-7.18 (2H, m), 7.21-7.26 (2H, m), 7.52 (1 H, d, J = 8.4 Hz), 7.78 (1 H, dd, J = 2.4, 
8.4 Hz), 8.12(1 H, d, J = 2.6 Hz). 

[Example 1 36] 3-(3-(4-(Thiophen-3-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1272] To a tetrahydrofuran (3 ml_) solution of (4-(thiophen-3-ylmethoxy)-phenyl)-acetohydroximoyl chloride (150 mg, 
0.532 mmol) described in Manufacturing Example 77-1-4 and 3-ethynyl-pyridin-2,6-diamine (45.2 mg, 0.339 mmol) 
described in Manufacturing Example 13-1-3 was added triethylamine (185 m-U 1.33 mmol). This reaction mixture was 
stirred for 1.5 hours at room temperature. This mixture was partitioned into ethyl acetate and water. The organic layer 
was separated, washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
under a reduced pressure, and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate 
= 1:1- ethyl acetate) to obtain the title compound (73 mg, 36%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.87 (2H, s), 5.06 (2H, s), 5.79 (2H, brs), 5.81-5.83 (1 H, m), 6.11 (2H, brs), 
6.34 (1 H, s), 6.94-6.96 (2H, m), 7.15-7.17 (1 H, m), 7.20-7.22 (2H, m), 7.50-5.56 (3H, m). 

[Example 137] 3-(3-(4-Cyclopentyloxy-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1274] To a tetrahydrofuran (3 mL) solution of (4-cyclopentyloxy-phenyl)-acetohydroximoyl chloride (150 mg, 0.592 
mmol) described in Manufacturing Example 78-1-4 and 3-ethynyl-pyridin-2,6-diamine (50.3 mg, 0.378 mmol) described 



[1271] 
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in Manufacturing Example 13-1-3 was added triethylamine (206 (j,L, 1.48 mmol). This reaction mixture was stirred for 
1 .5 hours at room temperature. This mixture was partitioned into ethyl acetate and water. The organic layer was separated, 
washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure, and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate =1:1- ethyl 
5 acetate) to obtain the title compound (64 mg, 31 %). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 1.56-1 .58 (2H, m), 1.67-1 .68 (4H, m), 1.88-1 .89 (2H, m), 3.86 (2H, s), 4.76-4.77 
(1 H, m), 5.79 (2H, brs), 5.81 -5.84 (1 H, m), 6.10 (2H, brs), 6.34 (1 H, s), 6.82-6.84 (2H, m), 7.1 7-7.1 9(2H, m), 7.50-7.52 
(1 H, m). 

JO [Example 138] 3-(3-(4-(Pyridin-3-yloxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 
[1275] 



15 



20 




[1276] To a methanol (10.0 mL) solution of 3-(4-(2-nitro-ethyl)-phenoxy)-pyridine (819 mg, 3.35 mmol) described in 
Manufacturing Example 76-1-3 was added lithium methoxide (254 mg, 6.70 mmol), which was stirred for 30 minutes at 

25 room temperature. The reaction mixture was concentrated under a reduced pressure, and anhydrous dichloromethane 
(15.0 mL) and anhydrous tetrahydrofuran (7.00 mL) were added to the residue. Titanium (IV) chloride (1.18 mL, 10.7 
mmol) was added dropwise to the reaction mixture on a dry ice-ethanol bath (-78°C), then the reaction mixture was 
stirred for 30 minutes at room temperature. Aqueous sodium bicarbonate and ethyl acetate were added to the reaction 
mixture on an ice bath (0°C), and the mixture was filtered through a Celite pad. The organic layer of the filtrate was 

so extracted with ethyl acetate, and this organic layer was washed with water and saturated aqueous sodium chloride, 
dried over anhydrous magnesium sulfate, and the filtrate was concentrated under a reduced pressure, which gave a 
crude product (400 mg). To a tetrahydrofuran (5.00 mL) solution of 3-ethynyl-pyridin-2,6-diamine (40.0 mg, 0.300 mmol) 
described in Manufacturing Example 13-1-3 and this crude product (150 mg) was added triethylamine (125 p,L, 0.900 
mmol), which was stirred for 3 hours at 60°C. Water was added to the reaction solution at room temperature, which was 

35 extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over 
anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by 
NH silica gel column chromatography (ethyl acetate : heptane = 3:1 -> 5 : 1) to obtain the title compound (17.0 mg, 
15.8%). 

1 H-NMR Spectrum (CD 3 OD) 8 (ppm) : 3.96 (2H, s), 5.81 (2H, brs), 5.84 (1 H, d, J = 8.4 Hz), 6.12 (2H, brs), 6.40 (1 H, 
40 S ), 7.04 (2H, d, J = 8.8 Hz), 7.36 (2H, d, J = 8.8 Hz), 7.40-7.42 (2H, m), 7.53 (1 H, d, J = 8.4 Hz), 8.35-8.38 (2H, m). 

[Example 1 39] 3-(3-(4-Cyclohexyloxy-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 

[1277] 

45 



50 




55 [1278] To a tetrahydrofuran (3 mL) solution of (4-cyclohexyloxy-phenyl)-acetohydroximoyl chloride (150 mg, 0.56 
mmol) described in Manufacturing Example 79-1 -4 and 3-ethynyl-pyridine-2,6-diamine (47.6 mg, 0.357 mmol) described 
in Manufacturing Example 13-1-3 was added triethylamine (195 nL, 1.4 mmol). This reaction mixture was stirred for 4 
hours at room temperature. This mixture was partitioned into ethyl acetate and water. The organic layer was separated, 
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washed with water, dried with anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure, and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate =1:1- ethyl 
acetate) to obtain the title compound (83 mg, 41%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 1.24-1.41 (3H, m), 1.46-1.52 (3H, m), 1.79-1.80 (2H, m), 1.97-1.99 (2H, m), 3.94 
(2H, s), 4.18-4.24 (1 H, b), 4.46 (2H, brs),5.25 (2H, brs), 5.90-5.93 (1 H, m), 6.00 (1 H, s), 6.84-6.86 (2H, m), 7.16-7.18 
(2H, m), 7.47-7.49 (1 H, m). 

[Example 140] 3-(3-(4-(2-Furan-2-yl-ethyl)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 
[1279] 




[1280] To a mixture of (4-(2-furan-2-yl-ethyl)phenyl)-acetohydroximoyl chloride (100 mg, 0.38 mmol) described in 
Manufacturing Example 80-1-7 and tetrahydrofuran (3 mL) were added 3-ethynyl-pyridin-2,6-diamine (25.3 mg, 0.19 
mmol) described in Manufacturing Example 13-1-3 and triethylamine (0.1 mL, 0.76 mmol), which was stirred for 2 hours 
at room temperature. Water and ethyl acetate were added to the reaction mixture, and the organic layer was separated. 
This organic layer was washed with water and saturated aqueous sodium chloride and dried over anhydrous magnesium 
sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column 
chromatography (ethyl acetate : heptane =1:1 then ethyl acetate) to obtain the title compound (50 mg, 72%). 
1 H-NMR Spectrum (CDCI 3 ) 6 (ppm): 2.88-2.98 (4H, m), 3.98 (2H, s), 4.47 (2H, brs), 5.26 (2H, brs), 5.91 (1 H, d, J = 8.4 
Hz), 5.97 (1 H, d, J = 3.2 Hz), 5.99 (1 H, s), 6.27 (1 H, dd, J = 2.0, 3.2 Hz), 7.13 (2H, d, J = 8.0 Hz), 7.23 (2H, d, J = 8.0 
Hz), 7.31 (1 H, d, J = 2.0 Hz), 7.47 (1 H, d, J = 8.4 Hz). 

[Example 141] 3-(3-(4-(4-Fluoro-phenoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 
[1281] 



H 2 N- 




[1282] To a tetrahydrofuran (5.00 mL) solution of (4-(4-fluoro-phenoxy)-phenyl)-acetohydroximoyl chloride (290 mg, 
1.04 mmol) described in Manufacturing Example 141-1-3 and 3-ethynyl-pyridine-2,6-diamine (40.0 mg, 0.300 mmol) 
described in Manufacturing Example 13-1-3 was added triethylamine (105 n_L, 0.750 mmol) under nitrogen atmosphere 
at room temperature, which was stirred for 1 6 hours at room temperature. Water was added at room temperature to the 
reaction solution at room temperature, which was extracted with ethyl acetate. The organic layer was washed with 
saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, and the solvent was evaporated under 
a reduced pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate : heptane =3:1 -> 
ethyl acetate) to obtain the title compound (38.1 mg, 33.7%) 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm) : 3.94 (2H, s), 5.81 (2H, brs), 5.83 (1 H, d, J = 8.0 Hz), 6.12 (2H, brs), 6.39 (1 H, 
s), 6.95 (2H, d, J = 8.4 Hz), 7.03-7.06 (2H, m), 7.19-7.24 (2H, m), 7.31 (2H, d, J = 8.4 Hz), 7.52 (1 H, d, J = 8.0 Hz). 
[1283] The starting material, (4-(4-fluoro-phenoxy)-phenyl)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 141-1-1] 4-(4-Fluoro-phenoxy)-benzaldehyde 

[1284] 
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[1285] To an N,N-dimethylformamide (40.0 mL) solution of 4-fluorophenol (5.00 g, 44.6 mmol) and 4-fluorobenzalde- 
hyde (4.00 mg, 32.2 mmol) was added potassium carbonate (13.4 g, 96.6 mmol), which was stirred for 21 hours at 80°C. 
10 The reaction solution was then cooled to room temperature, water was added thereto, and the reaction solution was 
extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and the solvent 
was evaporated under a reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate : 
heptane = 1 : 15 -» 1 : 10) to obtain the title compound (6.60 g, 90.1%). 
1 H-NMR Spectrum (CDCI 3 ) 8 (ppm) : 7.02-7.1 1 (6H, m), 7.85 (2H, d, J = 8.8 Hz), 9.91 (1 H, s). 

15 

[Manufacturing Example 141-1-2] 4-(4-Fluoro-phenoxy)-1-(2-nitro-ethyl)-benzene 
[1286] 

20 




25 

[1287] To an acetic acid (30.0 mL) solution of 4-(4-fluoro-phenoxy)-benzaldehyde (3.00g, 48.4 mmol) described in 
Manufacturing Example 141-1-1 were added nitromethane (4.03 g, 66.0 mmol) and ammonium acetate (2.03 g, 26.4 
mmol) under nitrogen atmosphere at room temperature, which was stirred for 4 hours at 1 1 0°C. Water and ethyl acetate 

so were added to the reaction mixture, which was extracted with ethyl acetate. The organic layer was washed with water 
and a saturated aqeous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was con- 
centrated under a reduced pressure, which gave a crude product (3.4 g). To a dimethyl sulfoxide (30.0 mL) solution of 
this crude product (3.4 g) and acetic acid (3.00 mL) was added sodium borohydride (793 mg, 21.0 mmol) at room 
temperature while cooling appropriately, which was stirred for 30 minutes at room temperature. Water was then added 

35 dropwise at room temperature while cooling appropriately. The reaction mixture was extracted with ethyl acetate, and 
the organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium 
sulfate, and filtered. The filtrate was concentrated under reduced pressure, and the residue was purified by NH silica 
gel column chromatography (ethyl acetate : heptane = 1 : 3 -> 1 : 1) to obtain the title compound (1.80 g, 52.6%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm) : 3.21 (2H, t, J = 6.8 Hz), 4.84 (2H, t, J = 6.8 Hz), 6.93 (2H, d, J = 8.4 Hz), 

40 7.03-7.06 (2H, m), 7.22 (2H, t, J = 8.8 Hz), 7.29 (2H, d, J = 8.4 Hz). 

[Manufacturing Example 141-1-3] (4-(4-Fluoro-phenoxy)-phenyl)-acetohydroximoyl chloride 



■15 




50 

[1289] To a methanol (20.0 mL) solution of 4-(4-fluoro-phenoxy)-1-(2-nitro-ethyl)-benzene (500 mg, 1.91 mmol) de- 
scribed in Manufacturing Example 141-1-2 was added lithium methoxide (1 45 mg, 3.82 mmol) under nitrogen atmosphere 
at room temperature, which was stirred for 30 minutes at room temperature. The reaction mixture was concentrated 
55 under a reduced pressure, and anhydrous dichloromethane (20.0 mL) and anhydrous tetrahydrofuran (5.00 mL) were 
added to the residue. Titanium (IV) chloride (525 n.L, 4.78 mmol) was added dropwise to the reaction mixture on a dry 
ice-ethanol bath (-78°C), after which the system was stirredfor30 minutes at room temperature. Waterand ethyl acetate 
were added to the reaction mixture on an ice bath (0°C), and the organic layer was separated. The organic layer was 
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washed with water and saturated aqueous sodium chloride, dried with anhydrous magnesium sulfate, and then filtered. 

The filtrate was concentrated under a reduced pressure to obtain the title compound (500 mg, 93.6%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm) : 3.80 (2H, s), 6.95-6.97 (2H, m), 7.05-7.08 (2H, m), 7.21-7.27 (4H, m), 11.73 

(1H,s). 

5 

[Example 1 42] 3-(3-(4-(3-Fluoro-phenoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 
[1290] 

10 



15 




[1291] To a tetrahydrofuran (5.00 mL) solution of (4-(3-fluoro-phenoxy)-phenyl)-acetohydroximoyl chloride (210 mg, 
20 0.622 mmol) described in Manufacturing Example 81-1-2 and 3-ethynyl-pyridine-2,6-diamine (30.0 mg, 0.225 mmol) 
described in Manufacturing Example 13-1-3 was added triethylamine (94.1 |j.L, 0.675 mmol) at room temperature, which 
was stirred for 30 minutes at room temperature. Water was added to the reaction solution at room temperature, which 
was extracted with ethyl acetate. The organic layer washed with saturated aqueous sodium chloride and dried over 
anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by 
25 NH silica gel column chromatography (ethyl acetate : heptane = 2 : 1) to obtain the title compound (29.0 mg, 34.2%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm) : 3.97 (2H, s), 5.81 (2H, brs), 5.84 (1 H, d, J = 8.4 Hz), 6.12 (2H, brs), 6.41 (1 
H, S), 6.79-6.81 (1 H, m), 6.84-6.87 (1H, m), 6.93-6.98 (1 H, m), 7.03 (2H, d, J = 8.8 Hz), 7.36 (2H, d, J = 8.4 Hz), 
7.39-7.43 (1 H, m), 7.53 (1 H, d, J = 8.4 Hz). 

so [Example 1 43] 3-(3-(4-(2-(Tetrahydrofuran-2-yl)-ethyl)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 

[1292] 



35 




[1293] To a mixture of (4-(2-tetrahydrofuran-2-yl-ethyl)-phenyl)-acetohydroximoyl chloride (145 mg, 0.54 mmol) de- 
scribed in Manufacturing Example 82-1 -6 and tetrahydrofuran (3 mL) were added 3-ethynyl-pyridin-2,6-diamine (36 mg, 

45 0.27 mmol) described in Manufacturing Example 13-1-3 and triethylamine (0.15 mL, 1.08 mmol), which was stirred for 
2 hours at room temperature. Water and ethyl acetate were added to the reaction mixture, and the organic layer was 
separated. This organic layerwas washed with water and saturated aqueous sodium chloride and dried over anhydrous 
magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica 
gel column chromatography (ethyl acetate : heptane = 1 : 1 then ethyl acetate) to obtain the title compound (76 mg, 77%). 

so 1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 1.40-1.55 (1H, m), 1.70-2.00 (5H, m), 2.60-2.80 (2H, m), 3.70-3.90 (3H, m), 3.91 
(2H, s), 4.47 (2H, brs), 5.26 (2H, brs), 5.91 (1 H, d, J = 8.4 Hz), 5.99(1 H, s), 7.16 (2H, d, J = 8.4 Hz), 7.20 (2H, d, J = 
8.4 Hz), 7.47 (1 H, d, J = 8.4 Hz). 

[Example 144] 3-(3-(4-(2-Fluoro-phenoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 

55 

[1294] 
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[1295] To a tetrahydrofuran (5.00 ml_) solution of (4-(2-fluoro-phenoxy)-phenyl)-acetohydroximoyl chloride (210 mg, 
0.622 mmol) described in Manufacturing Example 83-1-3 and 3-ethynyl-pyridin-2,6-diamine (30.0 mg, 0.225 mmol) 
described in Manufacturing Example 13-1-3 was added triethylamine (94.1 |xL, 0.675 mmol) at room temperature, which 
was stirred for 16 hours at room temperature. Water was added at room temperature to the reaction solution at room 
temperature, which was extracted with ethyl acetate. The organic layer washed with saturated aqueous sodium chloride 
and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue 
was purified by NH silica gel column chromatography (ethyl acetate : heptane = 2 : 1) to obtain the title compound (41.7 
mg, 49.2%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm) : 3.94 (2H, s), 5.81 (2H, brs), 5.82-5.85 (1H, m), 6.12 (2H, brs), 6.39 (1H, s), 
6.92-6.95 (2H, m), 7.13-7.24 (3H, m), 7.30-7.32 (2H, m), 7.35-7.41 (1 H, m), 7.51-7.54 (1 H, m). 

[Example 1 45] 3-(3-(5-Phenoxy-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1297] To a methanol (5 mL) solution of 3-(2-nitro-ethyl)-5-phenoxy-pyridine (210 mg, 0.860 mmol) described in Man- 
ufacturing Example 1 45-1 -4 was added lithium methoxide (65 mg, 1 .72 mmol), which was stirred for 25 minutes at room 
temperature. The reaction mixture was concentrated under a reduced pressure. To a suspension of this residue in 
tetrahydrofuran (5 mL) ad methylene chloride (5 mL) was added titanium (IV) tetrachloride (236 pX, 2.15 mmol) under 
nitrogen atmosphere, which was stirred for 50 minutes at 0°C. Sodium hydrogencarbonate was added to the reaction 
mixture at 0°C, which was extracted with ethyl acetate. The organic layer was separated, washed with saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure. To a tetrahydrofuran (4 mL) solution of this residue were added 3-ethynyl-pyridin-2,6-diamine (15 mg, 0.1 1 
mmol) described in Manufacturing Example 1 3-1 -3 and triethylamine (240 p,L, 1 .72 mmol), which was stirred for 1 hour 
and 1 5 minutes at 50°C. Water was added to the reaction mixture at room temperature, which was extracted with ethyl 
acetate. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified 
by reverse-phase high performance liquid chromatography (using an acetonitrile-water mobile phase containing 0.1 % 
trifluoroacetic acid) to obtain the title compound (5.6 mg, 1 .1%) as a ditrifluoroacetic acid salt. 
MS m/e (ESI) (MH+) 360.02(MH+) 

[1298] The starting material, 3-(2-nitro-ethyl)-5-phenoxy-pyridine, was synthesized as follows. 
[Manufacturing Example 145-1-1] 5-Phenoxy-nicotinic acid methyl ester 



[1296] 




[1299] 
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10 [1300] To a solution of 5-hydroxy-nicotinic acid methyl ester (903 mg, 5.90 mmol) in tetrahydrofuran (10 ml_) and N, 
N-dimethylformamide (10 mL) were added diphenyliodonium chloride (1.87 g, 5.90 mmol) and potassium f-butoxide 
(662 mg, 5.90 mmol) at 0°C, which was stirred for 2 hours and 30 minutes at room temperature. Water was added to 
the reaction mixture, which was extracted with ethyl acetate. The organic layer was separated, washed with water and 
saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 

is under a reduced pressure, and the residue was purified by silica gel column chromatography (heptane : ethyl acetate 
= 2 : 1) to obtain the title compound (1.1 1 g, 82%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm):3.93 (3H, s), 7.04-7.06(2H, m), 7.19-7.23 (1 H, m), 7.39-7.43 (2H, m), 7.83 (1 H, dd, 
J = 1.7, 2.9 Hz), 8.57 (1 H, d, J = 2.9 Hz), 8.95 (1 H, d, J = 1.7 Hz). 

20 [Manufacturing Example 145-1-2] (5-Phenoxy-pyridin-3-yl)-methano 

[1301] 



25 




30 

[1302] To a suspension of lithium aluminum hydride (689 mg, 14.5 mmol, purity :80%) in tetrahydrofuran (20 mL) was 
added 5-phenoxy-nicotinic acid methyl ester (1.11 g, 4.84 mmol) described in Manufacturing Example 145-1-1 at 0°C, 
which was stirred for 20 minutes at room temperature. First water (689 \iL), then a 5 N sodium hydroxide aqueous 
solution (689 |xL), and then water (2.07 mL) were added at 0°C to the reaction mixture, which was filtered through a 
35 Celite pad. The filtrate was concentrated under a reduced pressure, and the residue was purified by NH silica gel column 
chromatography (heptane : ethyl acetate =1 : 1 ) to obtain the title compound (756 mg, 78%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm):1 .77 (1 H, t, J = 5.9 Hz), 4.73 (2H, d, J = 5.9 Hz), 7.03-7.06 (2H, m), 7.15-7.19 (1 
H, m), 7.32-7.33 (1 H, m), 7.36-7.40 (2H, m), 8.33-8.34 (2H, m). 

40 [Manufacturing Example 145-1-3] 5-Phenoxy-pyridine-3-carbaldehyde 

[1303] 



50 




[1304] To a methylene chloride (20 mL) solution of (5-phenoxy-pyridin-3-yl)-methanol (756 mg, 3.76 mmol) described 
in Manufacturing Example 145-1-2 was added manganese(IV) dioxide (3.27 g, 37.6 mmol), which was stirred for 2 hours 
55 at room temperature. The insolubles were removed by filtrating through a Celite pad, after which the filtrate was con- 
centrated under a reduced pressure. The residue was purified by silica gel column chromatography (heptane : ethyl 
acetate = 2 : 1 to 1 : 1) to obtain the title compound (607 mg, 81 %). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm):7.06-7.08 (2H, m), 7.22-7.26 (1 H, m), 7.41-7.45 (2H, m), 7.64 (1 H, dd, J = 1 .7, 2.9 
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Hz), 8.66 (1 H, d, J = 2.9 Hz), 8.79 (1 H, d, J = 1.7 Hz), 10.1(1H, s). 
[Manufacturing Example 145-1-4] 3-(2-Nitro-ethyl)-5-phenoxy-pyridine 
[1305] 




[1306] To an acetic acid (15 ml_) solution of 5-phenoxy-pyridine-3-carbaldehyde (607 mg, 3.05 mmol) described in 
Manufacturing Example 145-1-3 were added nitromethane (826 pi, 15.3 mmol) and ammonium acetate (470 mg, 6.10 
mmol), which was stirred for 3 hours at 100°C under nitrogen atmosphere. Water was added at room temperature to 
the reaction mixture at room temperature, which was extracted with ethyl acetate. The organic layer was separated, 
washed with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was 
concentrated under a reduced pressure. To a solution of this residue in dimethyl sulfoxide (10 mL) and acetic acid (1 
mL) was added sodium borohydride (1 82 mg, 4.58 mmol), which was stirred for 20 minutes at room temperature. Sodium 
hydrogencarbonate and water were added to the reaction mixture at room temperature while cooling appropriately, 
which was extracted with ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, 
and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate =1 : 1) to obtain the title 
compound (210 mg, 28%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm):3.34 (2H, t, J = 6.8 Hz), 4.65 (2H, t, J = 6.8 Hz), 7.05-7.07 (2H, m), 7.28-7.32 (1 H, 
m), 7.38 (1 H, S), 7.44-7.48 (2H, m), 8.23-8.24 (2H, m). 

[Example 146] 3-(3-(3-Pyridin-2-yl-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 

[1307] 




[1308] To a mixture of (3-(pyridin-2-yl)-phenyl)-acetohydroximoyl chloride (50 mg) described in Manufacturing Example 
84-1-3 and tetrahydrofuran (2 mL) were added 3-ethynyl-pyridin-2,6-diamine (6.0 mg, 0.045 mmol) described in Manu- 
facturing Example 13-1-3 and triethylamine (38 |xL, 0.27 mmol), which was stirred for 2 hours at room temperature. 
Water was added to the reaction mixture at the same temperature, which was extracted with ethyl acetate. The organic 
layerwas washed with saturated aqueous sodium chloride, and was concentrated under a reduced pressure. The residue 
was purified by NH silica gel column chromatography (ethyl acetate) to obtain the title compound in a crude product. 
Then, the residue was purified by reverse-phase high performance liquid chromatography (using an acetonitrile-water 
mobile phase containing 0.1 % trifluoroacetic acid) to obtain the title compound (3.7 mg, 1 4%) as a ditrifluoroacetic acid 
salt. 

MS m/e(ESI) 344.24(MH+) 

[Example 147] 3-(3-Biphenyl-3-ylmethyl-isoxazol-5-yl)-pyridin-2,6-diamine 



[1309] 



EP 1 944 303 A1 




[1310] To a mixture of biphenyl-3-yl-acetohydroximoyl chloride (60 mg) described in Manufacturing Example 85-1-3 
and tetrahydrofuran (3 mL) were added 3-ethynylpyridin-2,6-diamine (15 mg, 0.1 1 mmol) described in Manufacturing 
Example 13-1-3 and triethylamine (94 |iL, 0.68 mmol), which was stirred for 2 hours at room temperature. Water was 
added to the reaction mixture at the same temperature, which was extracted with ethyl acetate. The organic layer was 
washed with saturated aqueous sodium chloride, and was concentrated under a reduced pressure. The residue was 
purified by NH silica gel column chromatography (ethyl acetate) to obtain the title compound in a crude product. Then, 
the residue was purified by reverse-phase high performance liquid chromatography (using an acetonitrile-water mobile 
phase containing 0.1 % trifluoroacetic acid) to obtain the title compound (32 mg, 62%) as a trifluoroacetic acid salt. 
MS m/e(ESI) 343.18(MH + ) 

[Example 1 48] 3-(3-(4-Phenoxymethyl-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1312] To a tetrahydrofuran (3 mL) solution of (4-phenoxymethyl-phenyl)-acetohydroximoyl chloride (150 mg, 0.545 
mmol) described in Manufacturing Example 86-1-5 and 3-ethynyl-pyridin-2,6-diamine (46.3 mg, 0.348 mmol) described 
in Manufacturing Example 13-1-3 was added triethylamine (104 |j,L, 0.747 mmol), which was stirred for 1 hour at room 
temperature. This mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed with 
water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was 
concentrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography (ethyl 
acetate) to obtain the title compound (45 mg, 22%). 

1 H -NMR Spectrum (CDCI 3 ) S (ppm): 4.03 (2H, s), 4.46 (2H, brs), 5.05 (2H, s), 5.25(2H, brs), 5.91-5.93 (1 H, m), 5.99 
(1 H, s), 6.97-6.99 (3H, m), 7.26-7.32 (4H, m), 7.40-7.42 (2H, m), 7.47-7.49 (1 H, m). 

[Example 149] 3-(3-(4-(3-Fluoro-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1314] To a tetrahydrofuran (2 mL) solution of (4-(3-fluoro-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride 
(33 mg, 0.11 mmol) described in Manufacturing Example 149-1-4 were added 3-ethynyl-pyridin-2,6-diamine (10 mg, 75 
(jimol) described in Manufacturing Example 13-1-3 and triethylamine (21 (xL, 0.15 mmol), which was stirred for 2 hours 



[1311] 




[1313] 
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and 25 minutes at 50°Cand under nitrogen atmosphere. Water was added to the reaction mixture at room temperature, 
which was extracted with ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, 
and the residue was purified by NH silica gel column chromatography (ethyl acetate : methanol = 20:1) to obtain the title 
5 compound (27 mg, 92%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm):3.97 (2H, s), 5.23 (2H, s), 5.80(2H, s), 5.83 (1 H, d, J = 8.4 Hz), 6.1 1 (2H, s), 
6.39 (1 H, s), 7.35 (2H, d, J = 8.2 Hz), 7.39 (1 H, dd, J = 4.6, 8.2 Hz), 7.43 (2H, d, J = 8.2 Hz), 7.51 (1 H, d, J = 8.4 Hz), 
7.66 (1 H, dd, J = 1.6, 8.4 Hz), 7.98 (1 H, dd, J = 1 .6, 4.8 Hz). 

[1315] The starting material, (4-(3-fluoro-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride, was synthesized 
10 as follows. 

[Manufacturing Example 149-1-1] 2-(4-Bromo-benzyloxy)-3-fluoro-pyridine 
[1316] 

15 



20 




25 [1317] To an N,N-dimethylformamide (15 mL) solution of (4-bromo-phenyl)-methanol (1.56 g, 8.34 mmol) was added 
sodium hydride (401 mg, 8.35 mmol, 50% in oil), which was stirred for 5 minutes at room temperature. Then, an N,N- 
dimethylformamide (5 mL) solution of 2-chloro-3-fluoropyridine (967 mg, 7.35 mmol) was added to this mixture, which 
was stirred for 1 hour and 10 minutes at room temperature. Water was to the reaction mixture at room temperature, 
which was extracted with ethyl acetate. The organic layer was separated, washed with water and saturated aqueous 

so sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure, and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 2 : 1 ) to obtain 
the title compound (2.03 g, 98%). 

1 H-NMR Spectrum (CDCI 3 ) 6 (ppm):5.13 (2H, s), 7.17 (1 H, dd, J = 4.4, 8.1 Hz), 7.20 (1 H, dd, J = 2.0, B.1 Hz), 7.34 
(2H, d, J = 8.4 Hz), 7.54 (2H, d, J = 8.4 Hz), 8.02 (1 H, dd, J = 2.0, 4.4 Hz). 

35 

[Manufacturing Example 149-1-2] 4-(3-Fluoro-pyridin-2-yloxymethyl)-benzaldehyde 
[1318] 



-15 




50 

[1319] Toatetrahydrofuran (40 mL) solution of 2-(4-bromo-benzyloxy)-3-fluoropyridine (2.03 g, 7.20 mmol) described 
in Manufacturing Example 1 49-1 -1 was added n-Butyl lithium (5.04 mL, 1 .6 M hexane solution, 7.92 mmol) under nitrogen 
atmosphere at -78°C, which was stirred for 45 minutes at -78°C. Then, N,N-dimethylformamide (725 |xL, 9.36 mmol) 
55 was added to the reaction mixture at-78°C, which was stirred for 1 hour and 10 minutes while the temperature was raised 
to room temperature. Water was added to the reaction solution at room temperature, which was extracted with ethyl 
acetate. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The residue was purified by silica gel column chromatography (heptane : ethyl acetate 
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-2: 1) to obtain the title compound (887 mg, 53%). 

1 H-NMR Spectrum (CDCI 3 ) 3 (ppm):5.26 (2H, s), 7.17-7.26(2H, m), 7.64 (2H, d, J = 8.1 Hz), 7.94 (2H, d, J = 8.0 Hz), 
8.05 (1 H, dd, J = 1.8, 4.4 Hz), 10.0 (1 H, s). 

[Manufacturing Example 149-1-3] 3-Fluoro-2-(4-(2-nitro-ethyl)-benzyloxy)-pyridine 



[1321] To an acetic acid (20 ml_) solution of 4-(3-fluoro-pyridin-2-yloxymethyl)-benzaldehyde (887 mg, 3.84 mmol) 
described in Manufacturing Example 149-1-2 482 were added nitromethane (1.04 mL, 19.2 mmol) and ammonium 
acetate (592 mg, 7.68 mmol), which was stirred under nitrogen atmosphere for 4 hours and 30 minutes at 1 00°C. Water 
was added to the reaction mixture at 0°C, which was extracted with ethyl acetate. The organic layer was separated, 
washed with saturated aqueous sodium chlroide, dried over anhydrous magnesium sulfate, and filtered. The filtrated 
was concentrated under a reduced pressure. To a solution of this residue in dimethyl sulfoxide (20 mL) and acetic acid 
(1 mL) was added sodium borohydride (291 mg, 7.68 mmol), which was stirred for 30 minutes at room temperature. 
Sodium hydrogencarbonate and water were added to the reaction solution at room temperature while cooling appropri- 
ately, which was extracted with ethyl acetate. The organic layer was separated, washed with water and saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure, and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 2:1) to obtain 
the title compound (674 mg, 64%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm):3.33 (2H, t, J = 7.2 Hz), 4.62 (2H, t, J = 7.2 Hz), 5.15 (2H, s), 7.1 6 (1 H, dd, J = 4.8, 
8.0 Hz), 7.20 (1 H, dd, J = 2.0, 8.0 Hz), 7.23-7.25 (2H, m), 7.41 (2H, d, J = 8.4 Hz), 8.00 (1 H, dd, J = 1 .6, 4.4 Hz). 

[Manufacturing Example 149-1-4] (4-(3-Fluoro-pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride 



[1323] To a methanol (10 mL) solution of 3-fluoro-2-(4-(2-nitro-ethyl)-benzyloxy)-pyridine (674 mg, 2.44 mmol) de- 
scribed in Manufacturing Example 149-1-3 was added lithium methoxide (185 mg, 4.87 mmol), which was stirred for 5 
minutes at room temperature. The reaction mixture was concentrated under a reduced pressure. To a suspension of 
this residue in tetrahydrofuran (10 mL) and methylene chloride (10 mL) was added titanium (IV) tetrachloride (590 ^L, 
5.37 mmol) under nitrogen atmosphere at -78°C, which was stirred for 1 hour at 0°C. Water was added to the reaction 
mixture at 0°C, which was then extracted with ethyl acetate. The organic layer was separated, washed with saturated 
aqueous sodium chloride, dried over anhydrous magnesium sulfate, and then filtered with neutral silica gel. The filtrate 
was concentrated under a reduced pressure to obtain the title compound (629 mg, 88%). This compound was used in 



[1320] 




[1322] 
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the following reaction without any further purification. 

1 H-NMR Spectrum (CDCI 3 ) S (ppm):3.82 (2H, s), 5.17 (2H, s), 7.17 (1 H, ddd, J = 0.4, 4.8, 8.0 Hz), 7.23 (1 H, dd, J = 
1 .6, 8.0 Hz), 7.32 (2H, d, J = 7.9 Hz), 7.43 (2H, d, J = 7.9 Hz), 7.64 (1 H, s), 8.01 (1 H, dd, J = 1 .7, 4.6 Hz). 

[Example 150] 3-(3-(3-Fluoro-4-(pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 

[1324] 




[1325] To a methanol (20.0 mL) solution of 2-(2-fluoro-4-(2-nitro-ethyl)-phenoxymethyl)-pyridine (500 mg, 1 .81 mmol) 
described in Manufacturing Example 87-1-3 was added lithium methoxide (137 mg, 3.61 mmol) under nitrogen atmos- 
phere, which was stirred for 30 minutes at room temperature. The reaction mixture was concentrated under a reduced 
pressure, and dichloromethane (15.0 mL) and anhydrous tetrahydrofu ran (7.00 mL) were added to the residue. Titanium 
(IV) chloride (656 (xL, 5.97 mmol) was added dropwise to the reaction mixture on a dry ice-ethanol bath (-78°C), and 
which was stirred for 30 minutes at room temperature. Aqueous sodium bicarbonate and ethyl acetate were added to 
the reaction mixture on an ice bath (0°C), which was filtered through a Celite pad. The organic layer of the filtrate was 
extracted with ethyl acetate, and this organic layer was washed with water and saturated aqueous sodium chloride, 
dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain 
a crude product (300 mg). To a tetrahydrof uran (5.00 mL) solution of this crude product (1 50 mg) and 3-ethynyl-pyridin- 
2,6-diamine (30.0 mg, 0.225 mmol) described in Manufacturing Example 13-1-3 was added triethylamine (94. 1 p,L, 0.675 
mmol) at room temperature, which was stirred for 1 hour at room temperature. Water was added to the reaction solution, 
which was extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and 
dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was 
purified by NH silica gel column chromatography (ethyl acetate : heptane = 2 : 1 -> 10 : 1) to obtain the title compound 
(35.0 mg, 39.7%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm) : 3.90 (2H, s), 5.22 (2H, s), 5.80 (2H, brs), 5.83 (1 H, d, J = 8.8 Hz), 6.12 (2H, 
brs), 6.38 (1 H, s), 7.04 (1 H, d, J = 8.4 Hz), 7.15-7.23 (2H, m), 7.34-7.37 (1 H, m), 7.52 (2H, d, J = 8.0 Hz), 7.85 (1 H, 
t, J = 8.0 Hz), 8.58(1 H, d, J = 8.8 Hz). 

[Example 151] 3-(3-(4-(Thiazol-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 
[1326] 




[1327] To atetrahydrofuran (3 mL) solution of 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (50 mg, 0.18 
mmol) described in Manufacturing Example 18-1-1 was added a 5 N sodium hydroxide aqueous solution (35.4 |xL, 0.18 
mmol), which was dissolved by irraditating ultrasonic wave for 1 minute. The reaction solution was concentrated under 
a reduced pressure, which gave a white solid. To a suspension of this solid in N,N-dimethylformamide (1 mL) was added 
an N,N-dimethylformamide (1 mL) solution of 2-chloromethyl-thiazole (28.4 mg, 0.21 mmol) described in manufacturing 
Example 88-1-2, which was stirred for 3 hours at 60°C. The reaction mixture was cooled to room temperature and then 
partitioned into water and ethyl acetate. The organic layer was separated, washed with water and saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
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pressure, and the residue was purified by NH silica gel column chromatography (ethyl acetate) to obtain the title compound 
(43.0 mg, 64%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm) : 3.89 (2H, s), 5.41 (2H, s), 5.79 (2H, brs), 5.82 (1 H, d, J = 8.8 Hz), 6.1 1 (2H, 
brs), 6.35 (1 H, s), 7.01 (2H, d, J = 8.8 Hz), 7.24 (2H, d, J = 8.8 Hz), 7.51 (1 H, d, J = 8.4 Hz), 7.77 (1 H, d, J = 3.6 Hz), 
7.83(1 H,d,J = 3.2 Hz). 

[Example 152] 3-(3-(6-(3,4-Difluoro-benzyloxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 
[1328] 




[1329] The title compound (90 mg, 73%) was obtained according to the method similar to those of Example 3, using 
3-ethynyl-pyridin-2,6-diamine (40 mg, 0.30 mmol) described in Manufacturing Example 13-1-3 and (6-(3,4-difluoro- 
benzyloxy)-pyridin-3-yl)-acetohydroximoyl chloride (140 mg, 0.45 mmol) described in Manufacturing Example 89-1-1. 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.92 (2H, s), 5.31 (2H, s), 5.81 (2H, brs), 5.83 (1H, dd, J = 1.6, 8.0 Hz), 6.12 
(2H, brs), 6.40 (1H, d, J = 1.6 Hz), 6.86 (1 H, d, J = 8.0 Hz), 7.28-7.34 (1 H, m), 7.39-7.47 (1H, m), 7.48-7.56 (2H, m), 
7.65-7.70 (1 H, m), 8.14(1 H,s). 

[Example 153] 3-(3-(6-(2,4-Difluoro-benzyloxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 
[1330] 




[1331] The title compound (62 mg, 67%) was obtained according to the method similar to those of Example 12, using 
3-ethynyl-pyridin-2,6-diamine (30 mg, 0.23 mmol) described in Manufacturing Example 13-1-3 and (6-(2,4-difluoro- 
benzyloxy)-pyridin-3-yl)-acetohydroximoyl chloride (1 1 0 mg, 0.34 mmol) described in Manufacturing Example 90-1 -1 . 
1 H-NMR Spectrum (DMSO-d 6 ) 6 (ppm): 3.92 (2H, s), 5.34 (2H, s), 5.81 (2H, brs), 5.83 (1H, d, J = 8.0 Hz), 6.12 (2H, 
brs), 6.34 (1 H, s), 6.83 (1 H, d, J = 8.0 Hz), 7.07-7.14 (1 H, m), 7.25-7.33 (1 H, m), 7.51 (1 H, d, J = 8.0 Hz), 7.56-7.64 
(1 H, m), 7.66 (1 H, dd, J = 2.0, 8.0 Hz), 8.15 (1 H, d, J = 2.0 Hz). 

[Example 154] 3-(3-(6-(Pyridin-2-yloxymethyl)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 
[1332] 




[1333] To a tetrahydrofuran (2 mL) solution of (6-(pyridin-2-yloxymethyl)-pyridin-3-yl)-acetohydroximoyl chloride (24 



254 
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mg) described in Manufacturing Example 154-1 -8 were added 3-ethynyl-pyridin-2,6-diamine (5.0 mg, 38 |xmol) described 
in Manufacturing Example 13-1-3 and triethylamine (13 nl, 94 ji,mol), which was stirred for 1 hour at 50°C. Water was 
added to the reaction mixture, which was extracted with ethyl acetate. The organic layer was separated, washed with 
saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
5 under a reduced pressure, and the residue was purified by NH silica gel column chromatography (ethyl acetate : methanol 
= 20 : 1) to obtain the title compound (8.2 mg, 58%). 

1 H-NMR Spectrum (CDI 3 ) 5 (ppm):4.03 (2H, s), 4.53 (2H, s), 5.28 (2H, s), 5.50 (2H, s), 5.92 (1 H, d, J = 8.4 Hz), 6.00 
(1 H, s), 6.85-6.91 (2H, m), 7.43 (1 H, d, J = 7.9 Hz), 7.47 (1 H, d, J = 8.4 Hz), 7.58-7.62 (2H, m), 8.14-8.16 (1 H, m), 
8.58(1 H,d,J = 2.4 Hz). 

10 [1334] The starting material, (6-(pyridin-2-yloxymethyl)-pyridin-3-yl)acetohydroximoyl chloride, was synthesized as 
follows. 

[Manufacturing Example 154-1-1] 6-Bromo-pyridine-3-carbaldehyde 
15 [1335] 



20 




25 

[1336] To a diethyl ether (60 mL) solution of 2,5-dibromopyridine (3.00 g, 12.7 mmol) was added n-butyl lithium (7.99 
mL, 1.6 M hexane solution, 12.7 mmol) under nitrogen atmosphere at -78°C, which was stirred for 50 minutes at-78°C. 
Then, N,N-dimethylformamide (1.18 mL, 15.2 mmol) was added to the mixture, which was stirred for 35 minutes while 
the temperature was raised to room temperature. Water was added to the reaction solution at room temperature, which 
so was extracted with ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium chloride, 
dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the 
residue was purified by silica gel column chromatography (heptane : ethyl acetate = 3 : 1) to obtain the title compound 
(1 .56 g, 66%). 

1 H-NMR Spectrum (CDCI 3 ) 6 (ppm):7.69 (1H, dd, J = 0.73, 8.2 Hz), 8.03 (1H, dd, J = 2.4, 8.2 Hz), 8.84 (1 H, dd, J = 
35 0.73, 2.4 Hz), 10.1 (1H,s). 

[Manufacturing Example 154-1-2] 2-Bromo-5-[1 ,3]dioxolan-2-yl-pyridine 

[1337] 



45 




50 

[1 338] To a toluene (1 00 mL) solution of 6-bromo-pyridine-3-carbaldehyde (5.0 g, 27 mmol) described in Manufacturing 
Example 1 54-1 -1 were added ethylene glycol (3.0 mL, 54 mmol) and p-toluenesulfonic acid monohydrate (51 2 mg, 2.7 
mmol), which was refluxed for 3 hours and 40 minutes under nitrogen atmosphere. Sodium hydrogencarbonate and 
55 water were added to the reaction mixture, which was extracted with ethyl acetate. The organic layer was separated, 
washed with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was 
concentrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography (heptane : 
ethyl acetate = 1 : 1) to obtain the title compound (6.0 g, 97%). 



255 
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1 H-NMR Spectrum (CDCI 3 ) 5 (ppm):4.03-4.13 (4H, m), 5.83(11-1, s), 7.49-7.52 (1H, m), 7.64-7.67 (1 H, m), 8.46 (1 H, d, 
J = 2.4 Hz). 

[Manufacturing Example 154-1-3] 5-[1,3]Dioxolan-2-yl-pyridine-2-carbaldehyde 
[1339] 




O 



[1340] To atetrahydrofuran (100 mL) solution of 2-bromo-5-[1,3]dioxolan-2-yl-pyridine (4.77 g, 20.7 mmol) described 
in Manufacturing Example 1 54-1 -2 was added n-butyl lithium (1 4.3 mL, 1 .6 M hexane solution, 22.8 mmol) under nitrogen 
atmosphere at -78°C, which was stirred for 20 minutes at -78°C. Then, N,N-dimethylformamide (1 .92 mL, 24.8 mmol) 
was added to the reaction mixture, which was stirredfor 15 minutes while the temperature was raised to room temperature. 
Water was added to the reaction mixture at room temperature, which was extracted with ethyl acetate. The organic layer 
was separated, washed with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. 
Thefiltratewas concentrated under a reduced pressure, and the residue was purified by silica gel column chromatography 
(heptane : ethyl acetate = 2 : 1) to obtain the title compound (1.73 g, 47%). 

1 H-NMR Spectrum (CDCI 3 ) 3 (ppm):4.07-4.16 (4H, m), 5.94(1 H, s), 7.98 (2H, s), 8.88 (1 H, s), 10.1 (1H,s). 

[Manufacturing Example 154-1-4] (5-[1 ,3]Dioxolan-2-yl-pyridin-2-yl)-methanol 

[1341] 




[1342] To an ethanol (20 mL) and tetrahydrofuran (20 mL) solution of 5-[1,3]dioxolan-2-yl-pyridine-2-carbaldehyde 
(1.73 g, 9.66 mmol) described in Manufacturing Example 154-1-3 was added sodium borohydride (731 mg, 19.3 mmol), 
which was stirred for 25 minutes at room temperature. Water was added to the reaction mixture, which was extracted 
with ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhy- 
drous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was 
purified by silica gel column chromatography (heptane : ethyl acetate = 1 : 2) to obtain the title compound (1 .37 g, 78%). 
1 H-NMR Spectrum (CDCI 3 ) 6 (ppm):3.65 (1H, s), 4.05-4.16(41-1, m), 4.78 (2H, s), 5.87 (1 H, s), 7.26-7.28 (1 H, m), 7.80 
(1 H, dd, J = 2.0, 8.1 Hz), 8.65 (1 H, d, J = 2.0 Hz). 

[Manufacturing Example 154-1-5] 5-[1,3]Dioxolan-2-yl-2-(pyridin-2-yloxymethyl)-pyridine 
[1343] 
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[1344] To an N,N-dimethylformamide (40 mL) solution of (5-[1,3]dioxolan-2-yl-pyridin-2-yl)-methanol (1.37 g, 7.56 
mmol) described in Manufacturing Example 154-1 -4 was added sodium hydride (333 mg, 8.32 mmol, 60% in oil), which 
was stirred for 5 minutes at 0°C. Next, 2-f luoropyridine (71 6 |xL, 8.32 mmol) was added to the reaction mixture, which 
was stirred for 45 minutes at 50°C. Water was added to the reaction mixture at room temperature, which was extracted 
with ethyl acetate. The organic layer was separated, washed with water and saturated aqueous sodium chloride, dried 
over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue 
was purified by silica gel column chromatography (heptane : ethyl acetate = 2:1 to 1 :1) to obtain the title compound (1 .51 
g, 77%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm):4.04-4.15 (4H, m), 5.53(2H, s), 5.87 (1H, s), 6.86-6.91 (2H, m), 7.47 (1 H, d, J = 
8.1 Hz), 7.58-7.63 (1 H, m), 7.79 (1 H, dd, J = 2.0, 8.2 Hz), 8.14-8.16 (1 H, m), 8.70 (1 H, d, J = 2.0 Hz). 

[Manufacturing Example 154-1-6] 6-(Pyridin-2-yloxymethyl)-pyridine-3-carbaldehyde 



[1346] To a solution of 5-[1,3]dioxolan-2-yl-2-(pyridin-2-yloxymethyl)-pyridine (1.51 g, 5.85 mmol) described in Man- 
ufacturing Example 154-1-5 in tetrahydrofuran (15 mL) and dimethyl sulfoxide (10 mL) was added a 5 N hydrochloric 
acid aqueous solution (3 mL), which was stirred for 25 minutes at room temperature, and then for another 1 hour at 20 
minutes at 60°C. A 5 N sodium hydroxide aqueous solution was added to the reaction mixture at room temperature, 
which was extracted with ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, 
and the residue was purified by silica gel column chromatography (heptane: ethyl acetate =1 :1) to obtain the title com- 
pound (603 mg, 48%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm):5.61 (2H, s), 6.90-6.94(2H, m), 7.26-7.66 (2H, m), 8.12-8.14 (1 H, m), 8.17 (1 H, 
dd, J = 2.0. 8.1 Hz), 9.05 (1 H, d, J = 1.7 Hz), 10.1 (1H, s). 

[Manufacturing Example 154-1-7] 5-(2-Nitro-ethyl)-2-(pyridin-2-yloxymethyl)-pyridine 



[1345] 



0 




[1347] 
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[1348] To an acetic acid (20 ml_) solution of 6-(pyridine-2-yloxymethyl)-pyridine-3-carbaldehyde (504 mg, 2.35 mmol) 
described in Manufacturing Example 154-1-6 were added nitromethane (635 |j,L, 11.8 mmol) and ammonium acetate 
(363 mg, 4.71 mmol), which was stirred for 4 hours at 1 00°C under nitrogen atmosphere. Water was added to the reaction 
mixture at room temperature, which was extracted with ethyl acetate. The organic layer was separated, washed with 
saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
under a reduced pressure. To a solution of this residue in dimethyl sulfoxide (25 mL) and acetic acid (2.5 mL) was added 
sodium borohydride (1 78 mg, 4.71 mmol), which was stirred for 25 minutes at room temperature. Sodium hydrogencar- 
bonate and water were added to the reaction mixture at room temperature, which was extracted with ethyl acetate. The 
organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, 
and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified by NH silica gel 
column chromatography (heptane : ethyl acetate = 1 : 1) to obtain the title compound (93 mg, 15%). 
1 H-NMR Spectrum (CDCI 3 ) S (ppm):3.38 (2H, t, J = 6.8 Hz), 4.66 (2H, t, J = 6.8 Hz), 5.83 (2H, s), 6.90-6.96 (2H, m), 
7.63-7.70 (2H, m), 7.78 (1 H, dd, J = 1.6, 8.0 Hz), 8.14 (1H, dd, J = 1 .6,4.8 Hz), 8.68 (1 H, d, J = 1 .2 Hz). 

[Manufacturing Example 154-1-8] (6-(Pyridin-2-yloxymethyl)-pyridin-3-yl)-acetohydroximoyl chloride 



[1350] To a methanol (5 mL) solution of 5-(2-nitro-ethyl)-2-(pyridin-2-yloxymethyl)-pyridine (93 mg, 0.36 mmol) de- 
scribed in Manufacturing Example 154-1-7 was added lithium methoxide (27 mg, 0.72 mmol), which was stirred for 5 
minutes at room temperature. The reaction mixture was concentrated under a reduced pressure. To a suspension of 
this residue in tetrahydrofuran (3 mL) and methylene chloride (3 mL) was added titanium (IV) tetrachloride (87 (xL, 0.79 
mmol) under nitrogen atmosphere at-78°C, which was stirred for 2 hours at 0°C. More titanium(IV) tetrachloride (50 |j.L, 
0.46 mmol) was added at -78°C, which was stirred for 3 hours at 0°C. Water was added to the reaction mixture at 0°C, 
which was then extracted with ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and then filtered. The filtrate was concentrated under a reduced 
pressure to obtain the title compound (24 mg). This compound was used in the following reaction without any further 
purification. 

[Example 155] 3-(3-(5-(4-Fluoro-phenoxy-thiophen-2-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1349] 




[1351] 
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[1352] To atetrahydrofuran (5.00 ml_) solution of (5-(4-fluoro-phenoxy)-thiophen-2-yl)-acetohydroximoyl chloride (250 
mg, 0.875 mmol) described in Manufacturing Example 91 -1-4 and 3-ethynyl-pyridin-2,6-diamine (50.0 mg, 0.376 mmol) 
described in Manufacturing Example 13-1-3 was added triethylamine (157 |xL, 1.27 mmol) at room temperature, which 
was stirred for 3 hours at 60°C. Water was added to the reaction mixture at room temperature, which was extracted with 
ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous mag- 
nesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel 
column chromatography (ethyl acetate : heptane = 2 : 1 -> 3 : 1)to obtain the title compound (20.9 mg, 14.5%). 
1 H-NMR Spectrum (DMSO-d 6 ) S (ppm) : 4.09 (2H, s), 5.82 (2H, brs), 5.84 (1H, d, J = 8.4 Hz), 6.14 (2H, brs), 6.44 (1 H, 
s), 6.51 (1 H, d, J = 3.6 Hz), 6.75 (1 H, d, J = 3.6 Hz), 7.13-7.16 (2H, m), 7.19-7.25 (2H, m), 7.54 (1 H, d, J = 8.0 Hz). 

[Example 156] 3-(3-(5-(4-Methyl-benzyl)-thiophen-2-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 




[1354] To a tetrahydrofuran (5.00 mL) solution of (5-(4-methyl-benzyl)-thiophen-2-yl)acetohydroximoyl chloride (250 
mg, 0.894 mmol) described in Manufacturing Example 92-1 -5 and 3-ethynyl-pyridin-2,6-diamine (50.0 mg, 0.376 mmol) 
described in Manufacturing Example 13-1-3 was added triethylamine (157 |j,L, 1.13 mmol) at room temperature, which 
was stirred for 30 minutes at 60°C. Water was added to the reaction solution at room temperature, which was extracted 
with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous 
magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica 
gel column chromatography (ethyl acetate : heptane = 2:1 -> 3 : 1) to obtain the title compound (49.8 mg, 35.2%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm) : 2.25 (3H, s), 4.01 (2H, s), 4.07 (2H, s), 5.80 (2H, brs), 5.83 (1 H, d, J = 8.4 Hz), 
6.13 (2H, brs), 6.39 (1 H, s), 6.69 (1 H, d, J = 3.2 Hz), 7.78 (1 H, d, J = 3.2 Hz), 7.08-7.1 3 (4H, m), 8.09 (1 H, d, J = 8.4 Hz). 

[Example 157] 3-(3-(3-Fluoro-4-(5-fluoro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 

[1355] 




[1356] To atetrahydrofuran (5.00 mL) solution of (3-fluoro-4-(5-fluoro-pyridin-2-ylmethoxy)-phenyl)-acetohydroximoyl 
chloride (170 mg, 0.554 mmol) described in Manufacturing Example 94-1-3 and 3-ethynyl-pyridin-2,6-diamine (40.0 mg, 
0.300 mmol) described in Manufacturing Example 13-1-3 was added triethylamine (125 |xL, 0.900 mmol) at room tern- 
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perature, which was stirred for 30 minutes at room temperature. Water was added to the reaction solution at room 
temperature, which was extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium 
chloride and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The 
residue was purified by NH silica gel column chromatography (ethyl acetate : heptane = 2:1 -» 3 : 1) to obtain the title 
5 compound (59.0 mg, 48.0%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm) : 3.90 (2H, s), 5.22 (2H, s), 5.80 (2H, brs), 5.83 (1 H, d, J = 8.4 Hz), 6.1 1 (1 H, 
brs), 6.38 (1 H, s), 7.05 (1 H, d, J = 8.4 Hz), 7.19-7.22 (2H, m), 7.51 (2H, d, J = 8.4 Hz), 7.59-7.62 (1 H, m), 7.76-7.81 
(1 H, m), 8.58 (1 H, d, J = 2.8 Hz). [Example 158] 3-(3-(2-Fluoro-4-(pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin- 
2,6-diamine 

10 



15 




20 

[1357] To a methanol (20.0 ml_) solution of 2-(3-fluoro-4-(2-nitro-ethyl)-phenoxymethyl)-pyridine (400 mg, 1 .45 mmol) 
described in Manufacturing Example 95-1-3 was added lithium methoxide (110 mg, 2.90 mmol), which was stirred for 
30 minutes at room temperature. The reaction mixture was concentrated under a reduced pressure, and anhydrous 
dichloromethane (20.0 ml_) and anhydrous tetrahydrofuran (10.0 ml_) were added to the residue. Titanium (IV) chloride 

25 (510 (j.L, 4.64 mmol) was added dropwise to the reaction mixture on a dry ice-ethanol bath (-78°C), which was stirred 
for 60 minutes at room temperature. Water, ethyl acetate, and tetrahydrofuran were added to the reaction mixture on 
an ice bath (0°C), and the organic layer was extracted with ethyl acetate. This organic layer was washed with water and 
saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and then filtered. The filtrate was con- 
centrated under a reduced pressure to obtain a crude product (360 mg). To a tetrahydrofuran (5.00 mL) solution of 3- 

30 ethynyl-pyridin-2,6-diamine (40.0 mg, 0.300 mmol) described in Manufacturing Example 13-1-3 and this crude product 
(180 mg) was added triethylamine (125 p±, 0.900 mmol) at room temperature, which was stirred for 2 hours at room 
temperature. Water was added to the reaction solution at room temperature, which was extracted with ethyl acetate. 
The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, 
and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column chroma- 

35 tography (ethyl acetate : heptane = 2 : 1 -> 3 : 1), and then further purified by reverse-phase high performance liquid 
chromatography (using an acetonitrile-water mobile phase containing 0.1% trifluoroacetic acid) to obtain the title com- 
pound (3.20 mg, 1.72%) as a ditrifluoroacetic acid salt. 
MS m/e(ESI)392.19(MH+) 

40 [Example 159] 3-(3-(4-(2-Pyridin-2-yl-ethyl)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 

[1358] 
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[1359] To a mixture of (4-(2-pyridin-2-yl-ethyl)-phenyl)-acetohydroximoyl chloride hydrochloride (780 mg, 2.51 mmol) 
described in Manufacturing Example 93-1-8 and dimethylformamide (10 mL) were added 3-ethynyl-pyridin-2,6-diamine 
55 (96 mg, 0.721 mmol) described in Manufacturing Example 13-1-3 and triethylamine (1 .05 mL, 7.53 mmol), which was 
stirred for 3 hours at room temperature. Water and ethyl acetate were added to the reaction mixture, and the organic 
layer was separated. This organic layer was washed with water and saturated aqueous sodium chloride and dried over 
anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by 
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NH silica gel column chromatography (ethyl acetate : heptane = 4:6 then ethyl acetate) to obtain the title compound 
(80 mg,30%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm):3.00-3.10 (4H, m), 3.98 (2H, s), 4.46 (2H, brs), 5.25 (2H, brs), 5.91 (1 H, d, J = 8.4 
Hz), 5.99 (1H, s), 7.07 (1 H, d, J = 7.6 Hz), 7.12 (1 H, dd, J = 6.0, 7.6 Hz), 7.15 (2H, d, J = 8.0 Hz), 7.19 (2H, d, J = 8.0 
Hz), 7.48 (1 H, d, J = 8.4 Hz), 7.57 (1 H, t, J = 7.6 Hz), 8.56 (1 H, d, J = 6.0 Hz) . 

[Example 160] 3-(3-(1-(3-Fluoro-benzyl)-1 H-pyrrol-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1361] 1-(3-fluoro-benzyl)-1 H-pyrrol-3-yl)-acetohydroximoyl chloride (1 .1 g) was obtained according to the methods 
similarto those of Manufacturing Example 57-1 -3, using 1-(3-fluoro-benzyl)-3-(2-nitro-ethyl)-1 H-pyrrole (1 .7 g, 6.9 mmol) 
described in Manufacturing Example 1 60-1 -1 . The title compound (4.7 mg, 4.3%) was obtained according to the methods 
similarto those of Example 12, using 3-ethynyl-pyridin-2,6-diamine (40 mg, 0.30 mmol) described in Manufacturing 
Example 13-1-3 and the above-mentioned 1-(3-fluoro-benzyl)-1H-pyrrol-3-yl)-acetohydroximoyl chloride (400 mg, 1.5 
mmol). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.71 (2H, s), 5.05 (2H, s), 5.77 (2H, brs), 5.83 (1 H, d, J = 8.0 Hz), 5.99 (1 H, 
dd, J = 2.0, 2.0 Hz), 6.09 (2H, brs), 6.35 (1 H, s), 6.72 (1 H, dd, J = 2.0, 2.0 Hz), 6.77 (1 H, dd, J = 2.0, 2.0 Hz), 6.96-7.01 
(1 H, m), 7.02 (1 H, d, J = 8.0 Hz), 7.06-7.12 (1H, m), 7.34-7.40 (1 H, m), 7.51 (1H, d, J = 8.0 Hz). 
[1362] The starting material, 1 -(3-ftuoro-benzyl)-3-(2-nitro-ethyl)-1 H-pyrrole, was synthesized as follows. 

[Manufacturing Example 160-1-1] 1 -(3-Fluoro-benzyl)-3-(2-nitro-ethyl)-1 H-pyrrole 



[1364] The title compound (1 .7 g, 48%) was obtained according to the methods similar to those of Manufacturing 
Examples 57-1-1 to 57-1-2, using 1-(3-fluorobenzyl)-1 H-pyn-ole-3-carbaldehyde (2.9 g, 14 mmol). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.00 (2H, t, J = 6.8 Hz), 4.67 (2H, t, J = 6.8 Hz), 5.05 (2H, s), 5.94 (1 H, dd, J 
= 2.0, 2.0 Hz), 6.68 (1 H, dd, J = 2.0, 2.0 Hz), 6.75 (1 H, dd, J = 2.0, 2.0 Hz), 6.90-6.95 (1 H, m), 6.98 (1 H, d, J = 8.0 
Hz), 7.06-7.12 (1H,m). 7.33-7.49 (1 H, m). 

[Example 161] 3-(3-(6-Phenylsulfanyl-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1360] 




[1363] 




[1365] 
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10 [1366] To a tetrahydrofuran (4 ml_) solution of the (6-phenylsultanyl-pyridin-3-yl)-acetohydroximoyl chloride (100 mg, 
0.359 mmol) described in Manufacturing Example 97-1-4 and 3-ethynyl-pyridin-2,6-diamine (15 mg, 0.13 mmol) de- 
scribed in Manufacturing Example 13-1-3 was added triethylamine (55 (o.L, 0.40 mmol), which was stirred under nitrogen 
atmosphere for 1 hour at 50°C. Water was added to the reaction mixture, which was extracted with ethyl acetate. The 
organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, 

is and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified by NH silica gel 
column chromatography (ethyl acetate : methanol = 10 : 1) to obtain the title compound (25 mg, 58%). 
1 H-NMR Spectrum (CDCI 3 ) S (ppm):3.94 (2H, s), 4.51 (2H, s), 5.26 (2H, s), 5.92 (1 H, d, J = 8.4 Hz), 5.97 (1 H, s), 6.86 
(1 H, d, J = 8.4 Hz), 7.37 (1 H, dd, J = 2.4, 8.2 Hz), 7.40-7.43 (3H, m), 7.46 (1 H, d, J = 8.2 Hz), 7.57-7.60 (2H, m), 8.39 
(1 H, d, J = 2.4 Hz). 

20 

[Example 1 62] 3-(3-(4-(3-Methoxy-benzyloxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 
[1367] 

25 



30 




[1368] To a tetrahydrofuran (3 mL) solution of 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (30 mg, 0.11 
35 mmol) described in Manufacturing Example 18-1-1 was added a 5 N sodium hydroxide aqueous solution (21 .2 |xL, 0.1 1 
mmol), which was dissolved by irradiating ultrasonic wave for 1 minute. The reaction solution was concentrated under 
a reduced pressure, which gave a white solid. To a mixture of this solid and N,N-dimethylformamide (1 mL) was added 
an N,N-dimethylformamide (1 mL) solution of 3-methoxybenzyl chloride (17.0 mg, 0.1 1 mmol), which was stirred for 12 
hours at 60°C. This reaction mixture was cooled to room temperature, and then partitioned into water and ethyl acetate. 
40 The organic layer was separated, washed with water and saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified 
by NH silica gel column chromatography (ethyl acetate) to obtain the title compound (34.4 mg, 81 %). 
1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm) : 3.75 (3H, s), 3.87 (2H, s), 5.05 (2H, s), 5.89 (2H, brs), 5.82 (1 H, d, J = 8.4 Hz), 
6.10 (2H, brs), 6.34 (1 H, s), 6.86-6.89 (1 H, m), 6.95 (2H, d, J = 8.8 Hz), 6.98-7.02 (2H, m), 7.21 (2H, d, J = 8.8 Hz), 
45 7.29 (1 H, dd, J = 8.0, 8.4 Hz), 7.51 (1 H, d, J = 8.4 Hz). 

[Example 163] 3-(3-(4-(6-Methoxy-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 

[1369] 

50 



55 
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[1370] To atetrahydrofuran (3 mL) solution of 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (30 mg, 0.11 
mmol) described in Manufacturing Example 18-1-1 was added a 5 N sodium hydroxide aqueous solution (21.2 |xL, 0.11 
mmol), which was dissolved by irradiating ultrasonic wave for 1 minute. The reaction solution was concentrated under 
a reduced pressure, which gave a white solid. To a mixture of this solid and N,N-dimethylformamide (1 mL) was added 

is an N,N-dimethylformamide (1 mL) solution of 2-chloromethyl-6-methoxypyridine (20.0 mg, 0.13 mmo) described in 
Manufacturing Example 99-1-2, which was stirred for 1 hourat60°C. This reaction mixture was cooled to room temper- 
ature, and then partitioned into water and ethyl acetate. The organic layer was separated, washed with water and 
saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
under a reduced pressure, and the residue was purified by NH silica gel column chromatography (ethyl acetate) to obtain 

20 the title compound (26.1 mg, 61%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm) : 3.85 (3H, s), 3.88 (2H, s), 5.06 (2H, s), 5.79 (2H, brs), 5.82 (1 H, d, J = 8.4 Hz), 
6.1 1 (2H, brs), 6.34 (1 H, s), 6.75 (1 H, dd, J = 0.8, 8.4 Hz), 6.98 (2H, d, J = 8.8 Hz), 7.05-7.08 (1 H, m), 7.20-7.24 (2H, 
m), 7.51 (1 H, d, J = 8.8 Hz), 7.69-7.74 (1 H, m). 

25 [Example 1 64] 3-(3-(6-(Pyridin-3-yloxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 

[1371] 




[1372] To a mixture of 5-(2-nitro-ethyl)-2-(pyridin-3-yloxy)pyridine (157.0 mg, 0.64 mmol) described in Manufacturing 
40 Example 1 00-1 -2 and methanol (6 mL) was added lithium methoxide (48.7 mg, 1 .28 mmol) at room temperature, which 
was stirred for 1 hour. The reaction mixture was then concentrated under a reduced pressure, which gave a white solid. 
To a mixture of this solid in dichloromethane (4 mL) and tetrahydrofuran (2 mL) was added titanium tetrachloride (1 55.0 
1 .41 mmol) under nitrogen atmosphere at -78°C, which was stirred for 3 hours at 0°C. Water was added to the 
reaction mixture, which was extracted with ethyl acetate. The organic layer was separated, washed with water and 
45 saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and then filtered. The filtrate was con- 
centrated under a reduced pressure. To a mixture of the resulting residue (30.7 mg), 3-ethynyl-pyridin-2,6-diamine (15.4 
mg, 0.12 mmol) described in Manufacturing Example 13-1 -3, tetrahydrofuran (1 mL), and dimethyl sulfoxide (1 mL) was 
added triethylamine (32.4 |xL, 0.23 mmol) at room temperature, which was stirred for 1 hour at 55°C. The reaction mixture 
was cooled to room temperature, water was added, and the mixture was extracted with ethyl acetate. The organic layer 
so was separated, washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, 
and filtered. The filtrate was concentrated under a reduced pressure. The residue thus obtained was purified by reverse- 
phase high performance liquid chromatography (using an acetonitrile-water mobile phase containing 0.1 % trifluoroacetic 
acid), and then further purified by preparative thin-layer chromatography (NH silica gel, ethyl acetate) to obtain the title 
compound (3.6 mg, 9%). 

55 1H-NMR Spectrum (CDCI 3 ) 5 (ppm) : 3.98 (2H, s), 4.52 (2H, brs), 5.28 (2H, brs), 5.93 (1 H, d, J = 8.4 Hz), 6.01 (1 H, s), 
6.96 (1 H, dd, J = 0.4, 8.4 Hz), 7.34 (1 H, ddd, J = 0.8, 4.4, 8.4 Hz), 7.50-7.53 (1 H, m), 7.66 (1 H, dd, 2.4, 8.4 Hz), 8.1 0 
(1 H, dd, J = 0.8, 2.4 Hz), 8.45 (1 H, dd, J = 1 .2, 1 .6, 4.8, 5.2 Hz), 8.50 (1 H, d, J = 2.8 Hz). 
MS m/e(ESI) 361.05(MH+) 
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[Example 165] 6-Methoxymethyl-3-(3-(4-(5-methyl-furan-2-ylmethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[1374] To a mixture of (4-(5-methyl-furan-2-ylmethyl)-phenyl)-acetohydroximoyl chloride (11 mg, 0.043 mmol) de- 
scribed in Manufacturing Example 46-1-6 and tetrahydrofuran (1 mL) were added 3-ethynyl-6-methoxymethyl-pyridin- 
2-ylmethyl (6.5 mg, 0.035 mmol) described in Manufacturing Example 26-1-7 and triethylamine (9.6 |xL, 0.069 mmol), 
which was stirred for 3 hours at 40°C. The reaction mixture was allowed to room temperature, water was added at the 
same temperature, and the mixture was extracted with ethyl acetate. The organic layer was washed with saturated 
aqueous sodium chloride, and the solvent was evaporated under a reduced pressure. The residue was purified by NH 
silica gel column chromatography (ethyl acetate: heptane = 2 : 3) to obtain the title compound (9.2 mg, 58%, purity: 
84%) as a mixture with the starting material 3-ethynyl-6-methoxymethyl-pyridin-2-ylamine. 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 2.24 (3H, s), 3.46 (3H, s), 3.90 (2H, s), 4.02 (2H, s), 4.42(2H, s), 5.46 (2H, brs), 
5.85-5.87 (2H, m), 6.23 (1 H, s), 6.81 (1 H, d, J = 7.9 Hz), 7.21 (4H, s), 7.71 (1 H, d, J = 7.9 Hz). 

[Example 166] 6-Methoxymethyl-3-(3=(4-(pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine. 



[1376] To a methanol (1.5 mL) solution of 4-(5-(2-amino-6-methoxymethyl-pyridin-3-yl)isoxazol-3-ylmethyl)-phenol 
(50 mg, 0.16 mmol) described in Manufacturing Example 166-1-1 was added a 1 N sodium hydroxide aqueous solution 
(160 |xL, 0.16 mmol), which was concentrated under a reduced pressure. N,N-dimethylformamide (1.5 mL) was added 
to the residue thus obtained at room temperature, and 2-picolyl chloride (29 mg, 0.23 mmol; this 2-picolyl chloride was 
prepared by adding a 5 N sodium hydroxide aqueous solution to 2-picolyl chloride hydrochloride) was added to the 
reaction mixture at the same temperature. The reaction mixture was stirred for 1 00 minutes at the same temperature. 
Water was added to the reaction mixture, which was extracted with ethyl acetate. The organic layer was washed with 
water and saturated aqueous sodium chloride, and was concentrated under a reduced pressure. The residue was purified 
by NH silica gel column chromatography (ethyl acetate : heptane = 4 : 1) to obtain the title compound (32 mg, 52%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm) : 3.46 (3H, s), 3.99 (2H, s), 4.41 (2H, s), 5.20 (2H, s), 5.43 (2H, brs), 6.22 (1 H, s), 
6.81 (1 H, d, J = 7.9 Hz), 6.95-6.97 (2H, m), 7.19-7.24 (3H, m), 7.52 (1 H, d, J = 7.9 Hz), 7.69-7.73 (2H, m), 8.60 (1 H, 
d, J = 4.2 Hz). 

[1377] The starting material, 4-(5-(2-amino-6-methoxymethyl-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol, was synthe- 
sized as follows. 

[Manufacturing Example 166-1-1] 4-(5-(2-Amino-6-methoxymethy(-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol 



[1373] 




[1375] 




[1378] 
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10 [1379] To a mixture of 3-(3-(4-benzyloxy-benzyl)-isoxazol-5-yl)-6-methoxymethylpyridin-2-ylamine (30 mg, 0.075 
mmol) described in Example 26 and dichloromethane (1 mL) was added boron tribromide (220 |xL, 1 M dichloromethane 
solution, 0.22 mmol) at -78°C, which was stirred for 1 hour at 0°C. The reaction mixture was cooled to -78°C, methanol 
was added at the same temperature, and the excess boron tribromide was quenched. The reaction mixture was gradually 
allowed to room temperature, a sodium acetate aqueous solution was added to the reaction mixture at room temperature, 

is which was neutralized, after which water was added, and the mixture was extracted with ethyl acetate. The organic layer 
was washed with saturated aqueous sodium chloride, and was concentrated under a reduced pressure. The residue 
was purified by silica gel column chromatography (ethyl acetate : heptane = 2 : 1) to obtain the title compound (4.6 mg, 
20%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm) : 3.47 (3H, s), 3.98 (2H, s), 4.43 (2H, s), 5.50 (2H, br s), 6:22 (1 H, s), 6.78-6.83 
20 (3H, m), 7.13-7.16 (2H, m), 7.73 (1 H, d, J = 7.9 Hz) 

[Example 167] 6-Methoxymethyl-3-(3-(6-phenoxy-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[1380] 

25 



30 




[1381] To atetrahydrofuran (2 mL) solution of (2-phenoxy-pyridin-5-yl)-acetohydroximoyl chloride (93 mg, 0.36 mmol) 
35 described in Manufacturing Example 40-1 -4 and 3-ethynyl-6-methoxymethyl-pyridin-2-ylamine (32 mg, 0.20 mmol) de- 
scribed in Manufacturing Example 26-1 -7 was added triethylamine (55 jiL, 0.39 mmol), which was stirred under nitrogen 
atmosphere for 5 hours and 25 minutes at 50°C. Water was added to the reaction mixture at room temperature, which 
was extracted with ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium chloride, 
dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the 
40 residue was purified by silica gel column chromatography (heptane : ethyl acetate = 1 : 1) to obtain the title compound 
(54 mg, 71 %). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm):3.35 (3H, s), 4.03 (2H, s), 4.33 (2H, s), 6.31 (2H, s), 6.73 (1 H, d, J = 7.7 Hz), 
6.83 (1 H, s), 7.00 (1 H, d, J = 8.4 Hz), 7.10-7.12 (2H, m), 7.18-7.22 (1 H, m), 7.38-7.44 (2H, m), 7.81 (1 H, dd, J = 2.4, 
8.4 Hz), 7.89 (1 H, d, J = 7.9 Hz), 8.15 (1 H, d, J = 2.4 Hz). 

45 

[Example 168] 3-(3-(4-(5-Chloro-furan-2-ylmethyl)-benzyl)-isoxazol-5-yl)-6-methoxymethyl-pyridin-2-ylamine 
[1382] 

50 
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[1383] To a mixture of (4-(5-chloro-furan-2-ylmethyl)-phenyl)-acetohydroximoyl chloride (25 mg, 0.088 mmol) de- 
scribed in Manufacturing Example 62-1-6 and tetrahydrofuran (1 ml_) were added 3-ethynyl-6-methoxymethyl-pyridin- 
2-ylamine (11 mg, 0.069 mmol) described in Manufacturing Example 26-1-7 and triethylamine (19 |iL, 0.014 mmol), 
which was stirred for 1 hour at 50°C. The reaction mixture was allowed to room temperature, water was added at the 
same temperature, and the mixture was extracted with ethyl acetate. The organic layer was washed with saturated 
aqueous sodium chloride, and was concentrated under a reduced pressure. The residue thus obtained was purified by 
reverse-phase high performance liquid chromatography (using an acetonitrile-water mobile phase containing 0.1 % 
trifluoroacetic acid) to obtain the title compound as a crude product. This product was then purified by NH silica gel 
column chromatography (ethyl acetate : heptane = 1 : 1) to obtain the title compound (7.5 mg, 27%). 
MS m/e(ESI)410.10(MH+) 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.46 (3H, s), 3.90 (2H, s), 4.03 (2H, s), 4.42 (2H, s), 5.46 (2H, brs), 5.98-5.99 (1 
H, m), 6.04-6.05 (1 H, m), 6.24 (1 H, s), 6.81 (1 H, d, J = 7.9 Hz), 7.20 (2H, d, J = 8.1 Hz), 7.23 (2H, d, J = 8.1 Hz), 7.72 
(1 H, d, J = 7.9 Hz). 

[Example 1 69] (6-Amino-5-(3-(4-benzyloxy-benzyl)-isoxazol-5-yl)-methanol 
[1384] 




[1385] To a mixture of 4-benzyloxy-phenyl-acetohydroximoyl chloride (9. 8 mg, 0.043 mmol) described in Manufacturing 
Example 1-1-3 and tetrahydrofuran (1 mL) were added (6-amino-5-ethynyl-pyridin-2-yl)-methanol (6.1 mg, 0.024 mmol, 
purity: 57%) described in Manufacturing Example 1 69-1-2 and triethylamine (6.5 pi, 0.047 mmol), which was stirred for 
1 hour at 50°C. The reaction mixture was allowed to room temperature, water was added at the same temperature, and 
the mixture was extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, 
and was concentrated under a reduced pressure. The residue thus obtained was purified by reverse-phase high per- 
formance liquid chromatography (using an acetonitrile-water mobile phase containing 0.1 % trifluoroacetic acid) to obtain 
the title compound as a crude product. This product was then purified by NH silica gel column chromatography (ethyl 
acetate) to obtain the title compound (3.3 mg, 36%). 
MS m/e(ESI) 388.01 (MH+) 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.00 (2H, s), 4.63 (2H, s), 5.05 (2H, s), 5.52 (2H, brs), 6.22 (1 H, s), 6.63 (1 H, d, 
J = 7.9 Hz), 6.93-6.97 (2H, m), 7.19-7.22 (2H, m), 7.30-7.44 (5H, m), 7.70 (1 H, d, J = 7.9 Hz). 
[1386] The starting material, (6-amino-5-ethynyl-pyridin-2-yl)-methanol, was synthesized as follows. 

[Manufacturing Example 169-1-1] 2-Amino-6-hydroxymethyl-pyridine-3-carbaldehyde 

[1387] 




[1388] To a mixture of 2-amino-6-methoxymethyl-pyridine-3-carbaldehyde (57 mg, 0.34 mmol) described in Manu- 
facturing Example 26-1-6 and dichloromethane (2 mL) was added boron tribromide (1.0 mL, 1 M dichloromethane 
solution, 1 .0 mmol) at - 78°C, which was stirred for 1 hour at 0°C. The reaction mixture was cooled to -78°C, methanol 
was added at the same temperature, and the excess reagent was quenched. The reaction mixture was gradually allowed 
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to room temperature and was neutralized by adding an ammonium aqueous solution (28%). Water was added to the 
reaction mixture, which was extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium 
chloride, and was concentrated under a reduced pressure. The residue was purified by silica gel column chromatography 
(ethyl acetate : heptane = 4 : 1) to obtain the title compound (18 mg, 34%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.40 (2H, d, J = 5.9 Hz), 5.42 (1 H, t, J = 5.9 Hz), 6.86 (1 H, d, J = 7.7 Hz), 7.52 
(2H, brs), 8.00 (1 H, d, J = 7.9 Hz), 9.81 (1 H, s). 

[Manufacturing Example 169-1-2] (6-Amino-5-ethynyl-pyridin-2-yl)-methanol 
[1389] 




[1390] To a mixture of 2-amino-6-hydroxymethyl-pyridine-3-carbaldehyde (16 mg, 0.11 mmol) described in Manufac- 
turing Example 169-1-1 and methanol (1.5 ml_) were added dimethyl (1-diazo-2-oxopropyl)phosphonate (30 mg, 0.16 
mmol) and potassium carbonate (23 mg, 0.17 mmol) at -10°C, which was stirred for 10 minutes at 0°C, and then for 
another 6 hours at room temperature. A saturated ammonium chloride aqueous solution and saturated aqueous sodium 
chloride were added to the reaction mixture at the same temperature, which was extracted with ethyl acetate. The organic 
layer was washed with saturated aqueous sodium chloride, and was concentrated under a reduced pressure. The residue 
thus obtained was purified by silica gel column chromatography (ethyl acetate) to obtain the title compound (13 mg, 
47%, purity: 57%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.41 (1H, s), 4.60 (2H, s), 5.12 (2H, brs), 6.56 (1 H, d, J = 7.5 Hz), 7.56 (1 H, d, J 
= 7.7 Hz). 

[Example 1 70] 3-(3-(4-benzyloxy-benzyl)-isoxazol-5-yl)-6-methyl-pyridin-2-ylamine 
[1391] 




[1392] To a tetrahydrofuran (2 mL) solution of 4-benzyloxy-phenyl-acetohydroximoyl chloride (63 mg, 0.23 mmol) 
described in Manufacturing Example 1-1-3 and 3-ethynyl-6-methyl-pyridin-2-ylamine (20 mg, 0.15 mmol) described in 
Manufacturing Example 170-1-5 was added triethylamine (42 jjlL, 0.30 mmol) at room temperature, which was stirred 
for 4 hours at 50°C. Water was added to the reaction mixture, which was extracted with ethyl acetate. The organic layer 
was washed with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered, and the 
filtrate was concentrated under a reduced pressure. The residue was purified by NH silica gel column chromatography 
(heptane : ethyl acetate = 2 : 1), and then further purified by reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase containing 0.1 % trifluoroacetic acid) to obtain the title compound (26 mg, 
34%) as a trifluoroacetic acid salt. 
MS m/e (ESI) (MH+) 372.23(MH+) 

[1393] The starting material; 3-ethynyl-6-methyl-pyridin-2-ylamine, was synthesized as follows. 
[Manufacturing Example 170-1-1] 2-Amino-6-chloro-nicotinic acid ethyl ester 



[1394] 
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cr 




[1395] To ethanol (20 mL) were added concentrated sulfuric acid (10 mL) and 2-amino-6-chloro-nicotinic acid (6.3 g, 
27 mmol, purity: 75%) described in Manufacturing Example 26-1-1 on an ice bath, which was stirred overnight at 65°C. 
The reaction mixture was gradually cooled, after which a sodium hydrogencarbonate aqueous solution was added to 
neutralize the mixture. The precipitated solids were filtered to obtain the title compound (4.1 g, 74%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 1 .38 (3H, t, J = 7.1 Hz), 4.34 (2H, q, J = 7.1 Hz), 6.62 (1 H, d, J = 8.1 Hz), 8.07 
(1H, d, J = 8.1 Hz). 

[Manufacturing Example 170-1-2] 2-Amino-6-methyl-nicotinic acid ethyl ester 



[1397] To a W-methylpyrrolidinone (20 mL) solution of 2-amino-6-chloro-nicotinic acid ethyl ester (2.00 g, 7.78 mmol) 
described in Manufacturing Example 170-1-1 were added tetramethyltin (1.62 mL, 11.7 mmol) and tetrakis(triphenyl- 
phospfiine)palladium(O) (899 mg, 0.778 mmol), which was stirred under nitrogen atmosphere for 5 hours and 40 minutes 
at 130°C. Water was added to the reaction mixture at room temperature, which was extracted with ethyl acetate. The 
organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, 
and filtered, and the filtrate was concentrated under a reduced pressure. The residue thus obtained was purified by NH 
silica gel column chromatography (heptane : ethyl acetate = 3:1), and then further purified by silica gel column chroma- 
tography (heptane : ethyl acetate = 2 : 1 ) to obtain the title compound (670 mg, 48%). 

1 H - NMR Spectrum (CDCI 3 ) 5 (ppm):1.38 (3H, t, J = 7.1 Hz), 2.41 (3H, s), 4.33 (2H, q, J = 7.1 Hz), 6.49 (1 H, d, J = 8.0 
Hz), 8.03(1 H, d, J = 8.0 Hz). 

[Manufacturing Example 170-1-3] (2-Amino-6-methyl-pyridin-3-yl)-methanol 



[1399] Toatetrahydrofuran (12 mL) solution of lithium aluminum hydride (706 mg, 14.9 mmol, purity: 80%) was added 
2-amino-6-methyl-nicotinic acid ethyl ester (670 mg, 3.72 mmol) described in Manufacturing Example 170-1-2 at 0°C, 
which was stirred for 30 minutes at room temperature. Water (706 \d.), a 5 N sodium hydroxide aqueous solution (706 
M,L), and water (2.12 mL) were added to the reaction mixture in that order at 0°C, which was filtered through a Celite 
pad. The filtrate was concentrated under a reduced pressure, and the residue was purified by NH silica gel column 
chromatography (ethyl acetate : methanol = 10:1) to obtain the title compound (379 mg, 74%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm):2.38 (3H, s), 4.61 (2H, s), 5.08 (2H, s), 6.48 (1 H, d, J = 7.2 Hz), 7.23 (1 H, d, J = 7.2 Hz). 
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[Manufacturing Example 170-1-4] 2-Amino-6-methyl-pyridine-3-carbaldehyde 
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[1401] To a methylene chloride (8 mL) solution of (2-amino-6-methyl-pyridin-3-yl)-methanol (379 mg, 2.74 mmol) 
is described in Manufacturing Example 170-1-3 was added manganese (IV) dioxide (1.19 mg, 13.7 mmol) at room tem- 
perature, which was stirred for 1 1 hours at room temperature. The reaction mixture was filtered through a Celite pad, 
andthefiltrate was concentrated under a reduced pressure. The residue was purified by silica gel column chromatography 
(heptane : ethyl acetate = 1 : 2) to obtain the title compound (328 mg, 88%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm):2.44 (3H, s), 6.61 (1 H, d, J = 7.9 Hz), 7.69 (1 H, d, J = 7.9 Hz), 9.80(1 H, s). 

20 

[Manufacturing Example 170-1-5] 3-Ethynyl-6-methyl-pyridin-2-ylamine 



[1403] To a tetrahydrofuran (5 mL) solution of diisopropylamine (439 (lL, 3.13 mmol) was added n-butyl lithium (1.81 
mL, 1 .6 M hexane solution, 2.89 mmol) under nitrogen atmosphere at -78°C, which was stirred for 15 minutes at 0°C. 

35 Then, trimethylsilyldiazomethane (1 .81 mL, 2 M tetrahydrofuran solution, 3.62 mmol) was added to the reaction mixture 
at -78°C, which was stirred for 30 minutes at -78°C. To the reaction mixture was added a tetrahydrofuran (2 mL) solution 
of 2-amino-6-methyl-pyridine-3-carbaldehyde (328 mg, 2.41 mmol) described in Manufacturing Example 170-1-4 at 
-78°e, which was stirred for 25 minutes while the temperature was slowly raised to -30°C. Acetic acid (414 mL, 7.23 
mmol) was added to the reaction mixture at -78°C, and the temperature was slowly raised, afterwhich water was added 

40 and the mixture was extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, 
dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure. The 
residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 2:1 ) to obtain the title compound 
(243 mg, 76%). 

1 H-NMRSpectrum(CDCI 3 )8(ppm):2.39(3H,s),3.38(1H,s),5.07(2H,s), 6.49.(1 H,d, J = 7.7 Hz), 7.47(1 H, d, J=7.7Hz). 
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[Example 171] 6-Methyl-3-(3-(4-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin 2-ylamine 
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[1405] To a tetrahydrofuran (2 mL) solution of 3-ethynyl-6-methyl-pyridin-2-ylamine (20 mg, 0.15 mmol) described in 
Manufacturing Example 170-1-5 were added 4-(pyridin-2-yloxymethyl)-phenyl-acetohydroximoyl chloride (63 mg, 0.23 
mmol) described in Manufacturing Example 2-1 -5 and triethylamine (42 jxL, 0.30 mmol) at room temperature, which was 
stirred for 2 hours and 50 minutes at 50°C. Water was added to the reaction mixture at room temperature, which was 
extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered, after which the filtrate was concentrated under a reduced pressure. The residue was 
purified by NH silica gel column chromatography (heptane : ethyl acetate =2:1), and then further purified by reverse- 
phase high performance liquid chromatography (using an acetonitrile-water mobile phase containing 0.1 %trifluoroacetic 
acid) to obtain the title compound (29 mg, 32%) as a trifluoroacetic acid salt. 
MS m/e (ESI) (MH+) 373.19(MH+) 

1 H-NMR Spectrum (DMSO-d 6 ) 6 (ppm):2.28 (3H, s), 4.00 (2H, s), 5.30 (2H, s), 6.17 (2H, s), 6.54 (1 H, d, J = 7.9 Hz), 
6.72 (1 H, s), 6.83 (1 H, d, J = 8.4 Hz), 6.95-6.98 (1 H, m), 7.31 (2H, d, J = 8.4 Hz), 7.39 (2H, d, J = 8.2 Hz), 7.67-7.72 
(1H, m), 7.75 (1H, d, J = 7.9 Hz), 8.14-8.15 (1 H, m). 

[Example 172] 5-chloro-3-(3-(4-pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[1407] To a mixture of 3-(3-(4-benzyloxy-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine (10.0 mg, 0.03 mmol) described in 
Example 2 and N,N-dimethylformamide (1 mL) was added N-chlorosuccinimide (3.7 mg, 0.03 mmol), which was stirred 
for 2 hours at room temperature. This mixture was then stirred for 1 hour at 50°C, and then for another 14 hours at room 
temperature. Water was added to the reaction mixture, which was extracted with ethyl acetate. The organic layer was 
separated, washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and 
filtered. The filtrate was concentrated under a reduced pressure, and the residue thus obtained was purified by reverse- 
phase high performance liquid chromatography (using an acetonitrile-water mobile phase containing 0.1 % trifluoroacetic 
acid) to obtain the title compound (4.0 mg, 1 1 %) as a ditrifluoroacetic acid salt. 

1 H-NMR Spectrum (CD 3 OD) 5 (ppm) :4.08 (2H, s), 5.34 (2H, s), 6.69 (1 H, s), 6.93 (1 H, d, J = 8.4 Hz), 6.99-7.02 (1 H, 
m), 7.33 (2H, d, J = 8.0 Hz), 7.42 (2H, d, J = 8.0 Hz), 7.75-7.79 (1 H, m), 7.96 (1 H, d, J = 2.4 Hz), 8.04 (1 H, d, J = 2.8 
Hz), 8.12-8.17(1 H, m). 
MS m/e (ESI) 393.03(MH + ) 

[Example 1 73] 3-(3-(4-Benzyloxy-benzyl)-isoxazol-5-yl)-5-fluoro-pyridin-2-ylamine 



[1409] To a tetrahydrofuran (10 mL) mixture of 3-ethynyl-5-f luoro-pyridin-2-ylamine (129 mg, 0.95 mmol) described 
in Manufacturing Example 173-1-2 and 4-benzyloxy-phenyl-acetohydroximoyl chloride (314 mg, 1.1 4 mmol) described 
in Manufacturing Example 1-1-3 was added triethylamine (264 (iL, 1 .90 mmol) at room temperature, which was stirred 
for 1 hour at 55°C, and then for another hour at 60°C. This reaction mixture was cooled to room temperature, and then 
partitioned into ethyl acetate and water. The organic layer was separated, washed with water and saturated aqueous 
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sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure, and the residue thus obtained was purified by NH silica gel column chromatography (heptane : ethyl acetate 
= 3 : 1) to obtain the title compound (212 mg, 60%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm) : 3.97 (2H, s), 5.08 (2H, s), 6.24 (2H, brs), 6.90 (1 H, s), 6.98 (2H, d, J = 8.0 Hz), 

7.24 (2H, d, J = 8.8 Hz), 7.28-7.45 (5H, m), 7.83-7.90 (1 H, m), 8.10-8.12 (1 H, m). 

[1410] The starting material, 3-ethynyl-5-fluoro-pyridin-2-ylamine, was synthesized as follows. 

[Manufacturing Example 173-1-1] 5-Fluoro-3-iodo-pyridin-2-ylamine 



[1412] To a mixture of 2-amino-5-fluoropryidine (2.0 g, 17.8 mmol) and dimethyl sulfoxide (50 mL) was added N- 
iodosuccinimide (4.8 g, 21.4 mmol), which was stirred for 1 hour at room temperature. A suitable amount of acetic acid 
was added to this mixture, which was stirred for 1 hour at the same temperature, and then stirred for another 3 hours 
at 55°C. This reaction mixture was cooled to room temperature, after which a saturated sodium hydrogencarbonate 
aqueous solution was added, and the mixture was extracted with ethyl acetate. The organic layer was separated, washed 
with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate 
was concentrated under a reduced pressure, and the residue thus obtained was purified by NH silica gel column chro- 
matography (ethyl acetate) to obtain the title compound (751 mg, 18%). 

1 H- NMR Spectrum (DMSO-d 6 ) 5 (ppm) : 5.99 (2H, brs), 8.05 (1H, dt, J = 2.8, 8.0 Hz), 8.80-8.81 (1 H, m). 
[Manufacturing Example 173-1-2] 3-Ethynyl-5-fluoro-pyridin-2-ylamine 



[1414] To a mixture of 5-fluoro-3-iodo-pyridin-2-ylamine (751 mg, 3.16 mmol) described in Manufacturing Example 
1 73-1 -1 , trimethylsilylacetylene (874 |xL, 6.32 mmol), copper (I) iodide (60.2 mg, 0.32 mmol), N,N-diisopropylethylamine 
(1 .07 mL, 6.32 mmol), and N-methylpyrrolidinone (1 5 mL) was added tetrakis(triphenylphosphine)palladium(0) (1 83 mg, 
0.16 mmol), which was stirred for 3 hours under nitrogen atmosphere at 70°CThis reaction solution was cooled to room 
temperature, and then partitioned into ethyl acetate and water. The organic layer was separated, washed with water 
and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concen- 
trated under a reduced pressure, and the residue thus obtained was purified by NH silica gel column chromatography 
and then silica gel column chromatography (heptane : ethyl acetate = 1 : 1) to obtain the title compound (129 mg, 30%). 
1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 4.56 (1 H, s), 6.13(2H, brs), 7.56 (1 H, dd, J = 3.2, 8.8 Hz), 7.97 (1 H, d, J = 3.2 Hz). 

[Example 174] 5-Fluoro-3-(3-(4-(5-fluoro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 
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[1416] To 4-(5-(2-amino-5-fluoro-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (20.0 mg, 0.07 mmol) described in Manu- 
facturing Example 174-1-1 were added tetrahydrofuran (3 mL) and a 5 N sodium hydroxide aqueous solution (14.0 |xL, 
0.07 mmol), which was dissolved by irradiating ultrasonic wave for 1 minute. Next, the reaction solution was concentrated 
under a reduced pressure, which gave a white solid. To a mixture of this solid and N,N-dimethylformamide (1 mL) was 
added an N,N-dimethylformamide (1 mL) solution of 2-chloromethyl-5-fluoro-pyridine (11.2 mg, 0.08 mmol) described 
in manufacturing Example 41-1-2, which was stirred for 1 hour at 60°C. The reaction mixture was cooled to room 
temperature and then partitioned into water and ethyl acetate. The organic layer was separated, washed with water and 
saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
under a reduced pressure, and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate 
= 1 : 1) to obtain the title compound (24.7 mg, 89%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm):3.98 (2H, s), 5.16 (2H, s), 6.25 (2H, brs), 6.91 (1 H, s), 7.00 (2H, d, J = 8.8 Hz), 
7.26 (2H, d, J = 8.4 Hz), 7.57-7.63 (1 H, m), 7.77 (1 H, dt, J = 2.8, 8.8 Hz), 7.87 (1 H, dd, J = 2.8, 9.2 Hz), 8.12 (1 H, d, 
J = 3.2 Hz), 8.58(1 H,d,J = 3.6Hz). 

[1417] The starting material, 4-(5-(2-amino-5-fluoro-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol, was synthesized as fol- 
lows. 

[Manufacturing Example 174-1-1] 4-(5-(2-Amino-5-fluoro-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol 
[1418] 




[1419] To a trifluoroacetic acid (5 mL) solution of 3-(3-(4-benzyloxy-benzyl)-isoxazol-5-yl)-5-fluoro-pyridin-2-ylamine 
(180 mg, 0.48 mmol) described in Example 173 was added thioanisole (225 jjtL, 1.92 mmol), which was stirred for 6 
hours at room temperature. A saturated sodium hydrogencarbonate aqueous solution was added to this reaction solution 
at 0°C, which was extracted with ethyl acetate. The organic layer was separated, washed with water and saturated 
aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a 
reduced pressure, and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate =1 :2~ 
ethyl acetate) to obtain the title compound (134.0 mg, 98%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm) : 3.91 (2H, s), 6.24 (2H, brs), 6.71 (2H, d, J = 8.8 Hz), 6.87 (1 H, s), 7.10 (2H, 
d, J = 8.8 Hz), 7.86 (1 H, dd, J = 2.8, 9.2 Hz), 8.1 1 (1 H, d, J = 2.8 Hz), 9.32 (1 H, brs). 

[Example 175] 3-(3-(4-(4-Chloro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-5-fluoropyridin-2-ylamine 
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[1421] Tetrahydrofuran (3 ml_) and a 5 N sodium hydroxide aqueous solution (14.0 |il_, 0 07 mmol) were added to 
4-(5-(2-amino-5-fluoro-pyridin-3-yl)-isoxazol-3-ylmethyl)-pheno! (20.0 mg, 0.07 mmol) described in Manufacturing Ex- 
ample 174-1-1, which was dissolved by irradiating ultrasonic wave for 1 minute. Next, the reaction solution was concen- 
trated under a reduced pressure, which gave a white solid. To a mixture of this solid and N,N-dimethylformamide (1 ml_) 
was added an N,N-dimethylformamide (1 ml_) solution of 4-chloromethyl-2-chloromethyl-pyridine (1 1 .4 mg, 0.07 mmol) 
described in manufacturing Example 51-1-2, which was stirred for 1 hour at 60°C. The reaction mixture was cooled to 
room temperature and then partitioned into water and ethyl acetate. The organic layer was separated, washed with 
water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was 
concentrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography (heptane : 
ethyl acetate = 1 : 1) to obtain the title compound (24.3 mg, 84%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm) : 3.98 (2H, s), 5.18 (2H, s), 6.24 (2H, brs), 6.90 (1 H, s), 7.01 (2H, d, J = 7.2 Hz), 
7.26 (2H, d, J = 7.6 Hz), 7.50-7.54 (1 H, m), 7.60-7.64 (1 H, m), 7.85-7.89 (1 H, m), 8.1 1 -8.1 3 (1 H, m), 8.55-8.57 (1 H, m). 

[Example 1 76] 5-(3-(4-(Pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[1423] To a tetrahydrofuran (2.0 mL) solution of 5-ethynyl-pyridin-2-ylamine (300 mg, 2.54 mmol) described in Man- 
ufacturing Example 28-1-3 were added 4-(pyridin-2-yloxymethyl)-phenyl-acetohydroximoyl chloride (1 .05 g, 3.81 mmol) 
described in Manufacturing Example 2-1 -5 and triethylamine (566 pi, 4.06 mmol), which was stirred for 2 hours and 40 
minutes at 50°C. Water was added to the reaction mixture at room temperature, which was extracted with ethyl acetate. 
The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous magnesium 
sulfate, and filtered. The filtrate was concentrated under a reduced pressure. The residue was purified by NH silica gel 
column chromatography (ethyl acetate), and further purified by NH silica gel column chromatography (ethyl acetate : 
methanol =10:1) to obtain the title compound (196 mg, 22%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm):3.96 (2H, s), 5.30 (2H, s), 6.47 (1H, dd, J = 0.73, 8.6 Hz), 6.50 (2H, s), 6.55 (1 
H, s), 6.83 (1 H, d, J = 8.2 Hz), 6.95-6.98 (1 H, m), 7.28 (2H, d, J = 8.1 Hz), 7.38 (2H, d, J = 8.1 Hz), 7.67-7.74 (2H, m), 
8.14-8.16 (1 H, m), 8.36 (1 H, d, J = 2.4 Hz). 

[Example 1 77] 5-(3-(4-(Pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 
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[1425] Toatetrahydrofuran (3mL) and acetone (3 mL) solution of 4-(5-(6-aminopyridin-3-yl)-isoxazol-3-ylmethyl)-phe- 
nol (150 mg, 0.561 mmol) described in Manufacturing Example 177-1-1 was added a 5 N sodium hydroxide aqueous 
solution (112 |iL, 0.561 mmol), which was dissolved by irradiating ultrasonic wave for 1 minute. The reaction solution 
was concentrated under a reduced pressure, which gave a light-brown sodium salt (162 mg, quant.). Atetrahydrofuran 
solution of 2-picolyl chloride (prepared by adding a 5 N sodium hydroxide aqueous solution (13 |iL, 62 |xmol) to a solution 
of 2-picolyl chloride hydrochloride (10 mg, 62 ^mol) in tetrahydrofuran (1 mL) and saturated aqueous sodium chloride 
(1 mL), stirring for 1 minute, and then separating the tetrahydrofuran layer) was added to a dimethyl sulfoxide (2 mL) 
solution of sodium salt (15 mg, 52 |imol) obtained above, which was stirred for 30 minutes at 65°C. Water was added 
to the reaction mixture at room temperature, which was extracted with ethyl acetate. The organic layer was separated, 
washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The 
filtrate was concentrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography 
(ethyl acetate : methanol = 20 : 1) to obtain the title compound (4.4 mg, 24%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm):3.97 (2H, s), 4.84 (2H, s), 5.20 (2H, s), 6.13 (1H, s), 6.55 (1 H, dd, J = 0.73, 8.6 
Hz), 6.94-6.97 (2H, m), 7.19-7.24 (3H, m), 7.52 (1 H, d, J = 7.9 Hz), 7.71 (1 H, dt, J = 1.8, 7.7 Hz), 7.78 (1 H, dd, J = 
2.4, 8.6 Hz), 8.42 (1 H, dd, J = 0.73, 2.4 Hz), 8.59-8.60 (1 H, m). 

[1426] The starting material, 4-(5-(6-amino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol, was synthesized as follows. 
[Manufacturing Example 177-1-1] 4-(5-(6-Amino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol 



[1428] To atrifluoroaceticacid (5 mL) solution of 5-(3-(4-benzyloxy-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine (270 mg, 
0.755 mmol) described in Example 28 was added thioanisole (355 ^L, 3.02 mmol) at 0"C, which was stirred for 1 hour 
and 20 minutes at room temperature. Sodium hydrogencarbonate and water were added to the reaction mixture at 0°C. 
which was extracted with ethyl acetate. The organic layer was separated, washed with saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, 
and the residue was purified by silica gel column chromatography (ethyl acetate : methanol = 10 : 1) to obtain the title 
compound (150 mg, 74%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm):3.84 (2H, s), 6.51 (1 H, d, J = 8.8 Hz), 6.53 (1 H, s), 6.57 (2H, s), 6.70 (2H, d, J 
= 8.4 Hz), 7.08 (2H, d, J = 8.4 Hz), 7.76 (1 H, dd, J = 2.4, 8.8 Hz), 8.37 (1 H, d, J = 2.4 Hz), 9.28 (1 H, s). 

[Example 1 78] 5-(3-(4-(5-Methyl-furan-2-ylmethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 
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[1 430] To a mixture of (4-(5-methyl-furan-2-ylmethyl)-phenyl)-acetohydroximoyl chloride (38 mg, 0. 1 4 mmol) described 
10 in Manufacturing Example 46-1-6 and tetrahydrofuran (1 ml_) were added 5-ethynyl-pyridin-2-ylamine (15 mg, 0.13 
mmol) described in Manufacturing Example 28-1 -3 and triethylamine (35 \tL, 0.25 mmol), which was stirred for 3.5 hours 
at 50°C. The reaction mixture was allowed to room temperature, and water was added to the system at the same 
temperature, which was extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium 
chloride and was concentrated under a reduced pressure. The residue thus obtained was purified by reverse-phase 
is high performance liquid chromatography (using an acetonitrile-water mobile phase containing 0. 1 % trifluoroacetic acid), 
after which triethylamine was added to a mixture of the resulting target product and the mobile phase, thereby rendering 
the mobile phase basic, and the eluate was concentrated under a reduced pressure. The residue thus obtained was 
washed with water to obtain the title compound (5.1 mg, 12%). 
MS m/e(ESI) 346.05(MH+) 

20 1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 2.17 (3H, s), 3.86 (2H, s), 3.94 (2H, s), 5.93 (1 H, s), 5.96 (1 H, s), 6.49-6.57 
(4H, m), 7.17 (2H, d, J = 7.9 Hz), 7.23 (2H, d, J = 8.1 Hz), 7.75 (1 H, d, J = 7.1 Hz), 8.38 (1 H, s). 

[Example 1 79] 5-(3-(6-Benzyloxy-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 



35 [1432] To a tetrahydrofuran (7.00 mL) solution of (2-benzyloxy-pyridin-5-yl)-acetohydroximoyl chloride (191 mg, 0.690 
mmol) described in Manufacturing Example 12-1-5 and 5-ethynyl-pyridin-2-ylamine (40.0 mg, 0.339 mmol) described 
in Manufacturing Example 28-1-3 was added triethylamine (142 jj,L, 1.02 mmol) under nitrogen atmosphere at room 
temperature, which was stirred for 3 hours at 60 C C. Water was added to the reaction mixture at room temperature, which 
was extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over 

40 anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by 
NH silica gel column chromatography (ethyl acetate : heptane = 1 : 1 -> 2 : 1) to obtain the title compound (15.7 mg, 
12.9%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm) : 3.94 (2H, s), 5.33 (2H, s), 6.50 (1H, dd, J = 0.8, 8.8 Hz), 6.53 (2H, brs), 6.61 
(1 H, s), 6.85 (1 H, d, J = 8.4 Hz), 7.31 -7.39 (3H, m), 7.42-7.45 (2H, m), 7.65 (1 H, dd, J = 2.4, 8.4 Hz), 7.75 (1 H, dd, J 
15 = 2.4, 8.4 Hz), 8.14 (1 H, d, J = 2.0 Hz), 8.38 (1 H, d, J = 2.4 Hz). 

[Example 1 80] 5-(3-(4-(Pyridin-4-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 
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[1434] To atetrahydrofuran (3 mL) and acetone (3 mL) solution of 4-(5-(6-aminopyridin-3-yl)-isoxazol-3-ylmethyl)-phe- 
nol (150 mg, 0.561 mmol) described in Manufacturing Example 177-1-1 was added a 5 N sodium hydroxide aqueous 
solution (112 |xL, 0.561 mmol) at room temperature, which was dissolved by irradiating ultrasonic wave for 1 minute. 
The reaction solution was concentrated under a reduced pressure, which gave a light-brown sodium salt (162 mg, 
quant.). Atetrahydrofuran solution of 4-chloromethylpyridine (prepared by adding 5 N sodium hydroxide aqueous solution 
(21 |iL, 0.10 mmol) to a solution of 4-chloromethylpyridine hydrochloride (17 mg, 0.10 mmol) in tetrahydrofuran (1 mL) 
and saturated aqueous sodium chloride (1 mL), stirring for 1 minute, and then partitioning the tetrahydrofuran layer) was 
added to a dimethyl sulfoxide (1 mL) solution of the sodium salt (15 mg, 52 ixmol) obtained above, which was stirred for 
2 hours and 1 5 minutes at room temperature, and then for another hour at 60°C. Water was added to the reaction mixture 
at room temperature, which was extracted with ethyl acetate. The organic layer was separated, washed with water and 
saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
under a reduced pressure, and the residue was purified by NH silica gel column chromatography (ethyl acetate) to obtain 
the title compound (4.2 mg, 23%). 1 H-NMR Spectrum (CDCI 3 ) 8 (ppm):3.98 (2H, s), 4.88 (2H, s), 5.08 (2H, s), 6.1 3 (1 H, 
s), 6.56 (1 H, d, J = 8.8 Hz), 6.92 (2H, d, J = 8.6 Hz), 7.22 (2H, d, J = 8.4 Hz), 7.36 (2H, d, J = 5.5 Hz), 7.78 (1 H, dd, J 
= 2.4, 9.0 Hz), 8.42 (1 H, d, J = 2.4 Hz), 8.62 (2H, d, J = 6.0 Hz). 

[Example 181] 5-(3-(6-Phenoxy-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[1435] 




[1436] To atetrahydrofuran (2 mL) solution of 5-ethynyl-pyridin-2-ylamine (30 mg, 0.25 mmol) described in Manufac- 
turing Example 28-1 -3 were added (2-phenoxypyridin-5-yl)-acetohydroximoyl chloride (100 mg, 0.381 mmol) described 
in Manufacturing Example 40-1 -4 and triethylamine (70.8 (xL, 0.508 mmol), which was stirred for 8 hours at 50°C. Water 
was added to the reaction mixture at room temperature, which was extracted with ethyl acetate. The organic layer was 
separated, washed with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The 
filtrate was concentrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography 
(ethyl acetate) to obtain the title compound (26 mg, 30%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm):3.97 (2H, s), 6.48 (1H, dd, J = 0.73, 8.6 Hz), 6.52 (2H, s), 6.61 (1 H, s), 6.97 (1 
H, d, J = 8.4 Hz), 7.08-7.10 (2H, m), 7.16-7.20 (1 H, m), 7.37-7.41 (2H, m), 7.72-7.77 (2H, m), 8.1 1 (1 H, d, J = 2.2 Hz), 
8.37(1 H, dd, J = 0.73, 2.4 Hz). 

[Example 1 82] 5-(3-(4-(5-Chloro-furan-2-ylmethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 
[1437] 




[1438] To a mixture of (4-(5-chloro-furan-2-ylmethyl)-phenyl)-acetohydroximoyl chloride (25 mg, 0.088 mmol) de- 
scribed in Manufacturing Example 62-1-6 and tetrahydrofuran (1 mL) were added 5-ethynyl-pyridin-2-ylamine (8.0 mg, 
0.068 mmol) described in Manufacturing Example 28-1-3 and triethylamine (19 nl, 0.14 mmol), which was stirred for 1 
hour at 50°C. The reaction mixture was allowed to room temperature, and water was added to the system at the same 
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temperature, which was extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium 
chloride, and was concentrated under a reduced pressure. The residue thus obtained was purified by reverse-phase 
high performance liquid chromatography (using an acetonitrile-water mobile phase containing 0.1 % trifluoroacetic acid) 
to obtain the title compound (1 .6 mg, 4.9%) as a trifluoroacetic acid salt. 
5 MS m/e(ESI) 366.09(MH+) 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.93 (2H, s), 3.98 (2H, s), 6.24-6.25 (1H, m), 6.34-6.35 (1 H, m), 6.71 (1 H, s), 
6.76 (1 H, d, J = 8.6 Hz), 7.20 (2H, d, J = 7.9 Hz), 7.25 (2H, d, J= 7.9 Hz), 8.00 (1 H, d, J = 8.6 Hz), 8.42 (1 H, d, J = 2.4 Hz). 

[Example 1 83] 5-(3-(4-(4-Chloro-pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

10 

[1439] 



15 




20 

[1440] To 4-(5-(6-amino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (20.0 mg, 0.07 mmol) described in Manufacturing 
Example 177-1-1 were added tetrahydrofuran (3 mL) and a 5 N sodium hydroxide aqueous solution (14.9 ^L, 0.07 
mmol), which was dissolved by irradiating ultrasonic wave for 1 minute. The reaction solution was concentrated under 
a reduced pressure, which gave a white solid. To a mixture of the solid obtained above and N,N-dimethylformamide (1 

25 mL) was added an N,N-dimethylformamide (1 mL) solution of 4-chloro-2-chloromethyl-pyridine (13.3 mg, 0.08 mmol) 
described in Manufacturing Example 51-1-2, which was stirred for 1 hour at 60°C. The reaction mixture was cooled to 
room temperature and then partitioned into water and ethyl acetate. The organic layer was separated, washed with 
water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was 
concentrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography (heptane : 

so ethyl acetate = 1 : 1) to obtain the title compound (7.2 mg, 25%). 

1 H - NMR Spectrum (DMSO-d 6 ) 5 (ppm) : 3.89 (2H, s), 5.15 (2H, s), 6.47 (1 H, d, J = 8.8 Hz), 6.50 (2H, brs), 6.53 (1 H, 
s), 6.85 (1 H, s), 6.98 (2H, d, J = 8.4 Hz), 7.21 (2H, d, J = 8.4 Hz), 7.48 (1 H, dd, J = 2.4, 5.2 Hz), 7.72 (1 H, dd, J = 2.4, 
8.4 Hz), 8.35 (1 H, d, J = 2.4 Hz), 8.54 (1 H, d, J = 5.2 Hz). 

35 [Example 1 84] 5-(3-(4-(5-Fluoro-pyridin-2-ylmethoxy)-benzyI)-isoxazol-5-yl)-pyridin-2-ylamine 

[1441] 




[1442] To 4-(5-(6-amino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (20.0 mg, 0.07 mmol) described in Manufacturing 
Example 177-1-1 were added tetrahydrofuran (3 mL) and a 5 N sodium hydroxide aqueous solution (14.9 pL, 0.07 

so mmol), which was dissolved by irraditaing ultrasonic wave for 1 minute. The reaction solution was concentrated under 
a reduced pressure, which gave a white solid. To a mixture of the solid obtained above and N,N-dimethylformamide (1 
mL) was added an N,N-dimethylformamide (1 mL) solution of the 2-chloromethyl-5-fluoro-pyridine (12.0mg, 0.08 mmol) 
described in Manufacturing Example 41 -1 -2 , which was stirred for 1 hour at 60°C. The reaction mixture was cooled to 
room temperature and then partitioned into water and ethyl acetate. The organic layer was separated, washed with 

55 water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was 
concentrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography (heptane : 
ethyl acetate = 1 : 1) to obtain the title compound (3.0 mg, 1 1 %). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm) : 3.96 (2H, s), 4.73 (2H, brs), 5.16 (2H, s), 6.12 (1H, s), 6.52 (1 H, d, J = 8.8 Hz), 



277 



EP 1 944 303 A1 



6.93 (2H, d, J = 8.8 Hz), 7.20 (2H, d, J = 8.8 Hz), 7.42 (1 H, dt, J = 2.8, 8.4 Hz), 7.49-7.55 (1 H, m), 7.75 (1 H, m), 8.42-8.44 

(2H, m). 

[Example 1 85] 5-(3-(6-(2-Fluoro-phenoxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[1444] To a mixture of (6-(2-fluoro-phenoxy)-pyridin-3-yl)-acetohydroximoyl chloride (28 mg) described in Manufac- 
turing Example 74-1-4 and tetrahydrofuran (1 mL) were added 5-ethynyl-pyridin-2-ylamine (9.0 mg, 0.076 mmol) de- 
scribed in Manufacturing Example 28-1-3 and triethylamine (21 |j,L, 0.15 mmol), which was stirred for 5 hours at 50°C. 
The reaction mixture was allowed to room temperature, water was added at the same temperature, and the mixture was 
extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and was concen- 
trated under a reduced pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate) to 
obtain the title compound (4.6 mg, 17%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 3.98 (2H, s), 4.73 (2H, br s), 6.14 (1 H, s), 6.54 (1 H, dd, J = 0.7, 8.6 Hz), 6.96 (1 
H, d, J = 8.4 Hz), 7.14-7.26 (4H, m), 7.63 (1 H, dd, J = 2.6, 8.4 Hz), 7.76 (1 H, dd, J = 2.4, 8.6 Hz), 8.08 (1 H, dd, J = 
0.6, 2.5 Hz), 8.45(1 H, d, J = 2.4 Hz). 

[Example 1 86] 5-(3-(6-(4-Fluoro-phenoxy)-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[1446] To a mixture of (6-(4-fluoro-phenoxy)-pyridin-3-yl)-acetohydroximoyl chloride (25 mg) described in Manufac- 
turing Example 75-1-4 and tetrahydrofuran (1 mL) were added 5-ethynyl-pyridin-2-ylamine (6.0 mg, 0.051 mmol) de- 
scribed in Manufacturing Example 28-1-3 and triethylamine (14 jjuL, 0.10 mmol), which was stirred for 5 hours at 50°C. 
The reaction mixture was allowed to room temperature, water was added at the same temperature, and the mixture was 
extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and was concen- 
trated under a reduced pressure. The residue was purified by NH silica gel column chromatography (ethyl acetate) to 
obtain the title compound (3.5 mg, 19%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.98 (2H, s), 4.72 (2H, brs), 6.15 (1H, s), 6.54 (1 H, dd, J = 0.7, 8.6 Hz), 6.88 (1 
H, d, J = 8.6 Hz), 7.05-7.12 (4H, m), 7.62 (1 H, dd, J = 2.6, 8.4 Hz), 7.77 (1 H, dd, J = 2.2, 8.6 Hz), 8.12 (1 H, d, J = 2.6 
Hz), 8.45(1 H, d, J = 2.4 Hz). 

[Example 187] 6-Methyl-5-(3-(4-(pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[1443] 




[1445] 




[1447] 
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H 2 N- 




[1448] To a mixture of (4-(pyridin-2-yloxymethyl)-phenyl)-acetohydroximoyl chloride (55 mg, 0.20 mmol) described in 
Manufacturing Example 2-1-5 and tetrahydrofuran (1 mL) were added 5-ethynyl-6-methyl-pyridin-2-ylamine (20 mg, 
0.15 mmol) described in Manufacturing Example 187-1-2 and triethylamine (43 (a.L, 0.31 mmol), which was stirred for 2 
hours at 50°C. The reaction mixture was allowed to room temperature, and water was added thereto at the same 
temperature, which was extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium 
chloride, and was concentrated under a reduced pressure. The residue thus obtained was purified by NH silica gel 
column chromatography (heptane : ethyl acetate = 1 : 2) to obtain the title compound (35 mg, 61 %). 
1 H-NMR Spectrum (CDCI 3 ) S (ppm) : 2.52 (3H, s), 4.06 (2H, s), 4.64 (2H, brs), 5.36 (2H, s), 6.05 (1 H, s), 6.40 (1 H, d, 
J = 8.4 Hz), 6.79-6.81 (1 H, m), 6.87-6.90 (1 H, m), 7.31 (2H, d, J = 8.1 Hz), 7.43 (2H, d, J = 7.9 Hz), 7.56-7.60 (1 H, 
m), 7.74 (1 H, d, J = 8.4 Hz), 8.16-8.18 (1H, m). 

[1449] The starting material, 5-ethynyl-6-methyl-pyridin-2-ylamine, was synthesized as follows. 
[Manufacturing Example 187-1-1] 6-Methyl-5-trimethylsilanylethynyl-pyridin-2-ylamine 



[1451] To a mixture of 6-amino-3-bromo-2-methylpyridine (200 mg, 1.0 mmol), trimethylsilylacetylene (0.22 mL, 1.6 
mmol), copper (I) iodide (9.9 mg, 0.052 mmol), and 1 ,4-dioxane (1 .5 mL) was added bis(triphenylphosphine)palladium 
(II) chloride (73 mg, 0.10 mmol), which was stirred under nitrogen atmosphere for 3 hours and 30 minutes at 100°C. 
The reaction mixture was allowed to room temperature, water was added to the reaction mixture at the same temperature, 
ethyl acetate was added, and the mixture was filtered through a Celite pad. The organic layer of the filtrate was separated 
and washed with saturated aqueous sodium chloride, and was concentrated under a reduced pressure, and the residue 
thus obtained was purified by silica gel column chromatography (heptane : ethyl acetate = 2 : 1) to obtain the title 
compound (140 mg, 57%, purity: 86%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm) : 0.24 (9H, s), 2.50 (3H, s), 4.59 (2H, brs), 6.26(1 H,d, J = 8.2 Hz), 7.44(1 H,d, J= 8.4 Hz). 
[Manufacturing Example 187-1-2] 5-Ethynyl-6-methyl-pyridin-2-ylamine 



[1450] 




Si- 



[1452] 
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[1453] To a mixture of 6-methyl-5-trimethylsilanylethynyl-pyridin-2-ylamine (450 mg, 1.9 mmol) described in Manu- 
facturing Example 187-1-1 and methanol (5 ml_) was added potassium carbonate (390 mg, 2.8 mmol), which was stirred 
for 30 minutes at the same temperature. Water was added to the reaction mixture, which was extracted with ethyl acetate. 
The organic layer was washed with saturated aqueous sodium chloride, and was concentrated under a reduced pressure. 
The residue was purified by silica gel column chromatography (heptane : ethyl acetate =1 : 1 ) to obtain the title compound 
(220 mg, 88%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 2.52 (3H, s), 3.24 (1 H, s), 4.58 (2H, brs), 6.29 (1 H, d, J = 8.4 Hz), 7.47 (1 H, d, 
J = 8.4 Hz). 

[Example 1 88] 5-(3-(4-Benzyloxy-benzyl)-isoxazol-5-yl)-6-methyl-pyridin-2-ylamine 



[1455] To a mixture of 4-benzyloxy-phenyl-acetohydroximoyl chloride (59 mg, 0.21 mmol) described in Manufacturing 
Example 1-1-3 and tetrahydrofuran (1 mL) were added 5-ethynyl-6-methyl-pyridin-2-ylamine (22 mg, 0.16 mmol) de- 
scribed in Manufacturing Example 1 87-1 -2 and triethylamine (46 |iL, 0.33 mmol), which was stirred for 2 hours at 50°C. 
The reaction mixture was allowed to room temperature, water was added at the same temperature, and the mixture was 
extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and was concen- 
trated under a reduced pressure. The residue thus obtained was purified by NH silica gel column chromatography 
(heptane : ethyl acetate = 1 : 2) to obtain the title compound (35 mg, 57%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm) : 2.52 (3H, s), 3.99 (2H, s), 4.60 (2H, brs), 5.05 (2H, s), 6.04 (1 H, s), 6.39-6.41 (1 
H, m), 6.92-6.96 (2H, m), 7.19-7.23 (2H, m), 7.30-7.44 (5H, m), 7.75 (1 H, d, J = 8.4 Hz). 

[Example 1 89] 3-(5-(4-(Pyridin-2-ylmethoxy)-benzyl)-isoxazol-3-yl)-pyridin-2-ylamine 



[1457] To a /V-methylpyrrolidinone (4 mL) solution of 5-chloro-3-(5-(4-(pyridin-2-ylmethoxy)-benzyl)-isoxazol-3-yl)-py- 
ridin-2-ylamine (141 mg, 0.359 mmol) described in Manufacturing Example 1 89-1-2 were added tetrakis(triphenylphos- 
phine)palladium (0) (42 mg, 36 junol), formic acid (20 0.58 mmol), and N,N-diisopropylethylamine (193 |j,L, 1.08 
mmol), which was stirred under nitrogen atmosphere for 5 hours and 35 minutes at 1 00°C. Water was added to the 
reaction mixture at room temperature, which was extracted with ethyl acetate. The organic layer was separated, washed 
with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate 
was concentrated under a reduced pressure. The residue was purified by reverse-phase high performance liquid chro- 
matography (using an acetonitrile-water mobile phase containing 0.1 % trifluoroacetic acid), and then further purified by 
NH silica gel column chromatography (ethyl acetate : methanol = 10 : 1) to obtain the title compound (8.3 mg, 6.5%). 
MS m/e (ESI) (MH+) 359.24(MH+) 

1 H-NMR Spectrum (CDCI 3 ) S (ppm):4.07 (2H, s), 5.21 (2H, s), 6.24 (1 H, s), 6.25 (2H, s), 6.66 (1 H, dd, J = 4.9, 7.7 Hz), 
6.96-7.00 (2H, m), 7.20-7.25 (3H, m), 7.52 (1 H, d, J = 7.9 Hz), 7.64 (1 H, dd, J = 1 .7, 7.5 Hz), 7.72 (1 H, dt, J = 1 .8, 7.7 
Hz), 8.1 1 (1 H, dd, J = 1.7, 4.8 Hz), 8.59-8.61 (1 H, m). 



[1454] 




[1456] 
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[1458] The starting material, 5-chloro-3-(5-(4-(pyridin-2-ylmethoxy)-benzyl)-isoxazol-3-yl)-pyridin-2-ylamine, was syn- 
thesized as follows. 

[Manufacturing Example 189-1-1] 4-(3-(2-Amino-5-chloro-pyridin-3-yl)-isoxazol-5-ylmethyl)-phenol 
[1459] 




[1460] To a trifluoroacetic acid (6 mL) solution of 3-(5-(4-benzyloxy-benzyl)-isoxazol-3-yl)-5-chloro-pyridin-2-ylamine 
(304 mg, 0.776 mmol) described in Manufacturing Example 29-2-3 was added thioanisole (364 mL, 3.1 0 mmol) at 0°C, 
which was stirred for 3 hours at room temperature. To this reaction mixture were added sodium hydrogencarbonate and 
water at 0°C, which was extracted with ethyl acetate. The organic layer was separated, washed with water and saturated 
aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a 
reduced pressure, and the residue was purified by NH silica gel column chromatography (ethyl acetate : methanol = 
20 : 1) to obtain the title compound (146 mg, 62%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm):4.07 (2H, s), 6.74 (2H, d, J = 8.4 Hz), 6.98 (1 H, s), 7.07 (2H, s), 7.12 (2H, d, J 
= 8.4 Hz), 8.09 (1 H, d, J = 2.6 Hz), 8.13 (1 H, d, J = 2.6 Hz), 9.36 (1 H, s). 

[Manufacturing Example 1 89-1 -2] 5-Chloro-3-(5-(4-(pyridin-2-ylmethoxy)-benzyl)-isoxazol-3-yl)-pyridin-2-ylamine 
[1461] 




[1462] To a tetrahydrofuran (4 mL) solution of 4-(3-(2-amino-5-chloro-pyridin-3-yl)-isoxazol-5-ylmethyl)-phenol (146 
mg, 0.484 mmol) described in Manufacturing Example 189-1-1 was added a 5 N sodium hydroxide aqueous solution 
(96.8 |xL, 0.484 mmol) at room temperature, which was dissolved by irradiating ultrasonic wave for 1 minute. The reaction 
mixture was concentrated under a reduced pressure to obtain a sodium salt. A tetrahydrofuran solution of 2-picolyl 
chloride (prepared by adding a 5 N sodium hydroxide aqueous solution (242 m1, 1 .21 mmol) to a solution of 2-picolyl 
chloride hydrochloride (198 mg, 1.21 |j,mol) in tetrahydrofuran (2 mL) water (2 mL), stirring for 1 minute, and then 
separating the tetrahydrofuran layer) was added at room temperature to an N,N-dimethylformamide (5 mL) solution of 
the sodium salt obtained above, which was stirred for 2 hours at60°C. Water was added to the reaction mixture at room 
temperature, which was extracted with ethyl acetate. The organic layer was separated, washed with water and saturated 
aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a 
reduced pressure, and the residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 1 : 
1) to obtain the title compound (141 mg, 74%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm):4.08 (2H, s), 5.22 (2H, s), 6.22 (1H, s), 6.25 (2H, s), 6.99 (2H, d, J = 8.6 Hz), 7.22 
(2H, d, J = 8.1 Hz), 7.26-7.31 (1 H, m), 7.54 (1 H, d, J = 6.4 Hz), 7.60 (1 H, d, J = 2.4 Hz), 7.73 (1 H, dt, J = 1 .8,7.9 Hz), 
8.07 (1 H, d, J = 2.4 Hz), 8.61 (1 H, d, J = 4.9 Hz). 
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[Example 1 90] 2-Methyl-5-(3-(4-(pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridine 



[1463] 




[1 464] To a tetrahydrofuran (2 mL) solution of 5-ethynyl-2-methyl-pyridine (1 0 mg, 85 ixmol) described in Manufacturing 
Example 1 90-1 -1 were added 4-(pyridin-2-yloxymethyl)-phenyl-acetohydroximoyl chloride (31 mg, 0. 1 1 mmol) described 
in Manufacturing Example 2-1-5 and triethylamine (18 ^L, 0.13 mmol), which was stirred for 2 hours and 30 minutes at 
50°C. Water was added to the reaction mixture at room temperature, which was extracted with ethyl acetate. The organic 
layer was washed with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The 
filtrated was concentrated under a reduced pressure, and the residue was purified by silica gel column chromatography 
(heptane : ethyl acetate = 1 : 1) to obtain the title compound (14 mg, 46%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm):2.52 (3H, s), 4.05 (2H, s), 5.32 (2H, s), 6.85 (1 H, d, J = 8.2 Hz), 6.96 (1 H, s), 
6.98 (1 H, dd, J = 5.1 , 6.6 Hz), 7.33 (2H, d, J = 8.1 Hz), 7.39-7.43 (3H, m), 7.69-7.74 (1 H, m), 8.10 (1 H, dd, J = 2.2, 
8.1 Hz), 8.17(1 H, dd, J = 2.0, 5.1 Hz), 8.91 (1 H, d, J = 2.2 Hz). 
[1465] The starting material, 5-ethynyl-2-methyl-pyridine, was synthesized as follows. 

[Manufacturing Example 190-1-1] 5-Ethynyl-2-methyl-pyridine 



[1467] To a N-methylpyrrolidinone (20 mL) solution of 5-bromo-2-methyl-pyridine (1.00 g, 5.81 mmol) were added 
trimethylsilylacetylene (1.23 mL, 8.72 mmol), tetrakis(triphenylphosphine)palladium (0) (134 mg, 0.1 16 mmol), copper 
(I) iodide (44.3 mg, 0.232 mmol), and N,N-diisopropylethylamine (2.02 mL, 1 1 .6 mmol), which was stirred under a nitrogen 
atmosphere for 13 hours at room temperature. Water was added to the reaction mixture at room temperature, which 
was extracted with ethyl acetate. The organic layer was separated, washed with water and saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, 
and the residue was purified by silica gel column chromatography (heptane : ethyl acetate = 5 : 1) to obtain a mixture 
(656 mg) of 5-bromo-2-methyl-pyridine and 2-methyl-5-trimethylsilanylethynylpyridine. To a methanol (10 mL) solution 
of this mixture (656 mg) was then added potassium carbonate (956 mg, 6.92 mmol), which was stirred for 2 hours at 
room temperature. Water was added at room temperature to the reaction mixture at room temperature, which was 
extracted with diethyl ether. The organic layer was separated, washed with water and saturated aqueous sodium chloride, 
dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the 
residue was purified by silica gel column chromatography (heptane : ethyl acetate = 2: 1) to obtain the title compound 
(166 mg, 25%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm):2.57 (3H, s), 3.17 (1 H, s), 7.12 (1 H, d, J = 8.1 Hz), 7.66 (1 H, dd, J = 2.0, 8.1 Hz), 
8.61 (1 H, d,J = 1.BHz). 

[Example 191] 3-(1-(6-Benzyloxy-pyridin-3-ylmethyl)-1H-pyrazol-4-yl)-pyridin-2-ylamine 



[1466] 




[1468] 
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[1469] To an N,N-dimethylformamide (5.00 mL) solution of 3-(1H-pyrazol-4-yl)-pyridin-2-ylamine (20.0 mg, 0.125 
mmol) described in Manufacturing Example 32-1-4 was added sodium hydride (5.50 g, 0.138 mmol, 60% in oil) on an 
ice bath (0°C) under nitrogen atmosphere, which was stirred for 30 minutes at room temperature. Thereafter, 2-benzyloxy- 
5-chloromethyl-pyridine (49.7 mg, 0.213 mmol) described in Manufacturing Example 191-1-2 was added to this mixture, 
which was stirred for 30 minutes at room temperature. This mixture was partitioned into ethyl acetate and water at room 
temperature. The organic layer was washed with water and saturated aqueous sodium chloride, and dried over anhydrous 
magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica 
gel column chromatography (ethyl acetate : heptane = 2 : 1 -methyl acetate)toobtainthe title compound (31.3 mg, 70.1 %). 
1 H-NMR Spectrum (DMSO-d B ) 3 (ppm) : 5.30 (2H, s), 5.34 (2H, s), 5.61 (2H, brs), 6.61 (1 H, dd, J = 4.8, 7.2 Hz), 6.87 
(1 H, d, J = 8.0 Hz), 7.31-7.39 (3H, m), 7.42-7.44 (2H, m), 7.48 (1 H, dd, J = 1 .6, 7.2 Hz), 7.72 (1 H, dd, J = 2.4, 8.4 Hz), 
7.75 (1 H, d, J = 0.8 Hz), 8.87 (1 H, dd, J = 2.0, 4.8 Hz), 8.18 (1 H, d, J = 0.8 Hz), 8.20 (1 H, d, J = 2.8 Hz). 
[1470] The starting material, 2-benzyloxy-5-chloromethyl-pyridine, was synthesized as follows. 

[Manufacturing Example 191-1-1] (6-Benzyloxy-pyridin-3-yl)-methanol 

[1471] 



[1472] To a methanol (20.0 mL) solution of 6-benzyloxy-pyridine-3-carbaldehyde (2.00 g, 9.38 mmol) described in 
Manufacturing Example 12-1-2 was added sodium borohydride (426 mg, 1 1.3 mmol) on an ice bath (0°C) under nitrogen 
atmosphere, which was stirred for 10 minutes at room temperature. Water was added to the reaction mixture at room 
temperature, which was extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium 
chloride and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure to 
obtain the title compound (1.84g, 91.1%). 

1 H- NMR Spectrum (CDCI 3 ) 5 (ppm) : 4.55 (2H, s), 5.39 (2H, s), 6.82 (1 H, d, J = 8.4 Hz), 7.30-7.45 (5H, m), 7.63- 7.66 
(1 H, m), 8.16(1 H, d, J = 2.4 Hz). 

[Manufacturing Example 191-1-2] 2-Benzyloxy-5-chloromethyl-pyridine 




[1474] To a dichloromethane (4.00 mL) solution of (6-benzyloxy-pyridin-3-yl)-methanol (1 .80 g, 8.36 mmol) described 
in Manufacturing Example 191-1-1 was added dropwise thionyl chloride (732 \iL, 10.0 mmol) on an ice bath (0°C) under 
nitrogen atmosphere, which was stirred for 5 minutes at room temperature. Aqueous sodium bicarbonate was added to 
the reaction solution, which was extracted with ethyl acetate. The organic layer was washed with saturated aqueous 
sodium chloride and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure 
to obtain the title compound (1 .70 g, 87.0%). 
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1 H-NMR Spectrum (CDCI 3 ) 5 (ppm) : 4.60 (2H, s), 5.37 (2H, s), 6.80 (1H, d, J = 8.4 Hz), 7.31-7.46 (5H, m), 7.61-7.63 
(1 H, m), 8.11 (1H,d, J = 2.4 Hz). 

[Example 192] 3-(1-(4-(Pyridin-2-ylmethoxy)-benzyl)-1 H-pyrazol-4-yl)-pyridin-2-ylamine 
[1475] 




[1476] 2-(4-chloromethyl-phenoxymethyl)-pyridine was obtained according to the methods similar to those of Manu- 
facturing Example 199-1-1 and Manufacturing 199-1-2 using 4-(pyridine-2-ylmethoxy)-benzaldehyde described in Man- 
ufacturing Example 203-1-1 . 

[1477] To an N,N-dimethylformamide (5.00 mL) solution of 3-(1 H-pyrazol-4-yl)-pyridin-2-ylamine (20.0 mg, 0.125 
mmol) described in Manufacturing Example 32-1-4 was added sodium hydride (5.50 mg, 0.138 mmol, 60% in oil) on an 
ice bath (0°C) under nitrogen atmosphere, which was stirred for 30 minutes at room temperature. Thereafter, 2-(4- 
chloromethyl-benzyloxyj-pyridine (49.7 mg, 0.213 mmol) described in Manufacturing Example 30-1-1 was added to the 
above mixture, which was stirred for 30 minutes at room temperature. This mixture was partitioned into ethyl acetate 
and water at room temperature. The organic layer was washed with water and saturated aqueous sodium chloride and 
dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was 
purified by NH silica gel column chromatography (ethyl acetate : heptane = 2 : 1 h> ethyl acetate) to obtain the title 
compound (21.9 mg, 49.0%). 2-(4-chloromethyl-phenoxymethyl)-pyridine 

1 H-NMR Spectrum (CDCI 3 ) S (ppm) : 4.56 (2H, s), 5.21 (2H, s), 6.95-6.99 (2H, m), 7.21-7.23 (1 H, m), 7.29-7.32 (2H, 
m), 7.49-7.51 (1 H, m), 7.69-7.73 (1 H, m), 8.59-8.61 (1H, m). 
the title compound 

1 H-NMR Spectrum (DMSO-d 6 ) 6 (ppm) : 5.1 6 (2H, s), 5.26 (2H, s), 5.59 (2H, brs), 6.61 (1 H, dd, J = 5.2, 7.2 Hz), 6.99-7.02 
(2H, m), 7.26-7.29 (2H, m), 7.32-7.35 (1 H, m), 7.46-7.50 (2H, m), 7.74 (1 H, s), 7.80-7.B4 (1 H, m), 7.84-7.87 (1 H, m), 
8.13 (1 H, d, J = 1 .2 Hz), 8.55-8.58 (1 H, m). 

[Example 193] 3-(1-(6-Phenoxy-pyridin-3-ylmethyl)-1H-pyrazol-4-yl)-pyridin-2-ylamine 
[1478] 




[1479] To an N,N-dimethylformamide (5.00 mL) solution of 3-(1H-pyrazol-4-yl)-pyridin-2-ylamine (20.0 mg, 0.125 
mmol) described in Manufacturing Example 32-1-4 was added sodium hydride (5.50 mg, 0.138 mmol, 60% in oil) on an 
ice bath (0°C) under nitrogen atmosphere, which was stirred for 10 minutes at room temperature. Thereafter, 5-chlo- 
romethyl-2-phenoxy-pyridine (49.7 mg, 0.226 mmol) described in Manufacturing Example 193-1-2 was added to the 
above mixture, which was stirred for 30 minutes at room temperature. The reaction mixture was partitioned into ethyl 
acetate and water at room temperature. The organic layer was washed with water and saturated aqueous sodium chloride 
and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue 
was purified by NH silica gel column chromatography (ethyl acetate : heptane = 2:1^ ethyl acetate) to obtain the title 
compound (25.0 mg, 58.2%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm) : 5.34 (2H, s), 5.62 (2H, brs), 6.61 (1 H, dd, J = 4.8, 7.6 Hz), 7.01 (1 H, d, J = 
8.4 Hz), 7.10-7.12 (2H, m), 7.19-7.23 (1 H, m), 7.39-7.43 (2H, m), 7.48 (1 H, dd, J = 2.0, 7.2 Hz), 7.67 (1H, s), 7.83 (1 
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H, dd, J = 2.4, 8.4 Hz), 7.87 (1 H, dd, J = 2.0, 5.2 Hz), 8.16 (1 H, d, J = 2.8 Hz), 8.1 9 (1 H, s). 
[1480] The starting material, 5-chloromethyl-2-phenoxy-pyridine, was synthesized as follows. 



[Manufacturing Example 193-1-1] (6-Phenoxy-pyridin-3-yl)-methanol 



[1481] 



HO' 




[1482] To a diethyl ether (30.0 ml_) solution of 5-bromo-2-phenoxy-pyridine (1.02 g, 4.08 mmol) described in Manu- 
facturing Example 40-1-1 was added dropwise n-butyl lithium (2.55 M n-hexane solution, 1 .92 ml_, 4.90 mmol) on a dry 
ice-ethanol bath (-78°C) under nitrogen atmosphere, which was stirred for 30 minutes at -78°C. Thereafter, N,N-dimeth- 
ylformamide (378 |xL, 4.90 mmol) was added dropwise, which was stirred for 1 0 minutes at -78°C. Then, sodium boro- 
hydride (309 mg, 8.16 mmol) and methanol (1 5.0 mL) were added, which was stirred for 20 minutes at room temperature. 
Water was added to the reaction mixture, which was extracted with ethyl acetate. The organic layer was washed with 
saturated aqueous sodium chloride, and the solvent was evaporated under a reduced pressure. The residue was purified 
by silica gel column chromatography (ethyl acetate : heptane = 1 : 1) to obtain the title compound (2.93 g, 66.5%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm) : 4.62 (2H, s), 6.88 (1 H, d, J = 8.4 Hz), 7.10-7.13 (2H, m), 7.18-7.22 (1 H, m), 
7.37-7.41 (2H, m), 7.70-7.73 (1 H, m), 8.12-8.13 (1 H, m). 

[Manufacturing Example 193-1-2] 5-Chloromethyl-2-phenoxy-pyridine 



[1484] To a dichloromethane (5.00 mL) solution of (6-phenoxy-pyridin-3-yl)-methanol (458 mg, 2.28 mmol) described 
in Manufacturing Example 1 93-1 -1 was added dropwise thionyl chloride (333 \lL, 4.56 mmol) on an ice bath (0°C) under 
nitrogen atmosphere, which was stirred for 5 minutes at room temperature. Aqueous sodium bicarbonate was added to 
the reaction solution at room temperature, which was extracted with ethyl acetate. The organic layer was washed with 
saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, and the solvent was evaporated under 
a reduced pressure to obtain the title compound (450 mg, 89.8%). 

1 H-NMRSpectrum (CDCI 3 ) 5 (ppm) : 4.55 (2H, s), 6.91 (1H, d, J = 8.8 Hz), 7.12-7.15 (2H, m), 7.20-7.24 (1 H, m), 7.38- 
7.43 (2H, m), 7.72-7.75 (1 H, m), 8.17 (1 H, d, 2.4 Hz). 

[Example 194] 3-(1-(4-Prop-2-ynyloxymethyl-benzyl)-1 H-pyrazol-4-yl)-pyridin-2-ylamine 



[1486] Toamixtureof3-(1H-pyrazol-4-yl)-pyridin-2-ylamine(30mg, 0.19 mmol) described in Manufacturing Example 
32-1-4 and tetrahydrofuran (1 mL) was added sodium hydride (12 mg, 0.24 mmol, 50% in oil) at 0°C, and then N,N- 
dimethylformamide (1 mL) was added. The reaction mixture was stirred for 10 minutes at room temperature, after which 
1-chloromethyl-4-prop-2-ynyloxymethylbenzene (47 mg, 0.24 mmol) described in Manufacturing Example 194-1 -2 was 
added to this mixture at 0°C, which was stirred for 2 hours at room temperature. Water was added to the reaction mixture, 



[1483] 




[1485] 
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which was extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, and 
was concentrated under a reduced pressure. The residue was purified by NH silica gel column chromatography (ethyl 
acetate : heptane = 4 : 1) to obtain the title compound (37 mg, 62%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 2.47 (1 H, t, J = 2.4 Hz), 4.18 (2H, d, J = 2.4 Hz), 4.56 (2H, br s), 4.61 (2H, s), 5.35 
(2H, s), 6.70 (1 H, dd, J = 5.0, 7.4 Hz), 7.28 (2H, d, J = 8.2 Hz), 7.36-7.40 (3H, m), 7.58 (1 H, d, J = 0.7 Hz), 7.74 (1 H, 
d, J = 0.9 Hz), 8.01 (1 H, dd, J = 1.8, 4.9 Hz). 

[1487] The starting material, 1 -chloromethyl-4-prop-2-ynyloxymethyl-benzene, was synthesized as follows. 
[Manufacturing Example 194-1-1] (4-Prop-2-ynyloxymethyl-phenyl)-methanol 



[1489] To a mixture of sodium hydride (400 mg, 8.4 mmol, 50% in oil) and tetrahydrofuran (30 mL) was added 1,4- 
benzenedimethanol (2.3 g, 1 7 mmol) at 0°C, and then N,N-dimethylformamide (30 mL) was added. The reaction mixture 
was stirred at room temperature for 10 minutes, after which propargyl bromide (1.0 g, 8.4 mmol) was added dropwise 
to the reaction mixture at 0°C. The reaction mixture was stirred at room temperature for 1 hour, after which water was 
added to the reaction mixture, which was extracted with ethyl acetate. The organic layer was washed and saturated 
aqueous sodium chloride, and was concentrated under a reduced pressure. The residue thus obtained was purified by 
NH silica gel column chromatography (heptane : ethyl acetate = 3 : 2) to obtain the title compound (860 mg, 58%). 
1 H-NMR Spectrum (CDCI 3 ) S (ppm) : 1.64 (1 H, t, J = 6.0 Hz), 2.47 (1 H, t, J = 2.4 Hz), 4.18 (2H, d, J = 2.4 Hz), 4.62 
(2H, s), 4.70 (2H, d, J = 5.9 Hz), 7.37 (4H, s). 

[Manufacturing Example 194-1-2] 1 -Chloromethyl-4-prop-2-ynyloxymethyl-benzene 



[1491] A mixture of (4-prop-2-ynyloxymethyl-phenyl)-methanol (190 mg, 1.1 mmol) described in Manufacturing Ex- 
ample 194-1-1, triphenylphosphine (340 mg, 1.3 mmol), and carbon tetrachloride (3 mL) was stirred for 6 hours under 
reflux. The reaction mixture was cooled to room temperature, after which the reaction mixture was concentrated under 
a reduced pressure. The residue was purified by neutral silica gel column chromatography (ethyl acetate : heptane = 
1 : 10) to obtain the title compound (180 mg, 84%). 



1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 2.47 (1 H, t, J = 2.4 Hz), 4.1 8 (2H, d, J = 2.4 Hz), 4.59 (2H, s), 4.62 (2H, s), 7.35-7.40 
(4H, m). 

[Example 1 95] 3-(1 -(4-Cyclopropylmethoxymethyl-benzyl)-1 H-pyrazol-4-yl)-pyridin-2-ylamine 



[1488] 




[1490] 




[1492] 




[1493] To a mixture of 3-(1-(4-bromo-benzy))-1H-pyrazol-4-yl)-pyridin-2-ylamine (24 mg, 0.073 mmol) described in 
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Manufacturing Example 195-1-1 and 1,4-dioxane (1.5mL) were added water (150 |xL), cesium carbonate (95 mg, 0.29 
mmol), sodium cyclopropylmethoxymethyl trifluoroborate (19 mg, 0.11 mmol) described in Manufacturing Example 
195-2-2, palladium (II) acetate (1.6 mg, 0.0073 mmol), and (±)-2,2'-bis(diphenylphosphino)-1,1'-binaphthyl (4.5 mg, 
0.0073 mmol) at room temperature, which was stirred for 6 hours at 100°C under nitrogen atmosphere. The reaction 
mixture was cooled to room temperature, after which water and ethyl acetate were added and the mixture was filtered 
through a Celite pad. The organic layer of the filtrate was washed with saturated aqueous sodium chloride, and was 
concentrated under a reduced pressure. The residue thus obtained was purified by reverse-phase high performance 
liquid chromatography (using an acetonitrile-water mobile phase containing 0.1 % trifluoroacetic acid), after which tri- 
ethylamine was added to a mixture of the resulting target product and the mobile phase, thereby rendering the mobile 
phase basic, and the solvent was evaporated under a reduced pressure. The residue thus obtained was filtered through 
NH silica gel (ethyl acetate) to obtain the title compound (1.6 mg, 6.6%). 
MS m/e(ESI) 335.30(MH+) 

[1494] The starting material, 3-(1-(4-bromo-benzyl)-l H-pyrazol-4-yl)-pyridin-2-ylamine, was synthesized as follows. 
[Manufacturing Example 195-1-1] 3-(1-(4-Bromo-benzyl)-1H-pyrazol-4-yl)-pyridin-2-ylamine 



[1496] To a mixture of 3-(1H-pyrazol-4-yl)-pyridin-2-ylamine(1 50 mg, 0.94 mmol) described in Manufacturing Example 
32-1-4 and tetrahydrofuran (2 mL) was added sodium hydride (12 mg, 0.24 mmol, 50% in oil) at 0°C, and then N,N- 
dimethylformamide (2 mL) was added. The reaction mixture was stirred for 10 minutes at room temperature, after which 
4-bromobenzyl bromide (260 mg, 1.0 mmol) was added at 0°C to this mixture, which was stirred for 1 hour at room 
temperature. Water was added to the reaction mixture, which was extracted with ethyl acetate. The organic layer was 
washed with saturated aqueous sodium chloride, and was concentrated under a reduced pressure. The residue was 
purified by NH silica gel column chromatography (ethyl acetate : heptane = 4:1) to obtain the title compound (270 mg, 
86%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.55 (2H, brs), 5.30 (2H, s), 6.71 (1 H, ddd, J = 0.7, 4.9, 7.3 Hz), 7.16 (2H, d, J = 
8.6 Hz), 7.40 (1 H, dd, J = 1 .7, 7.3 Hz), 7.50 (2H, d, J = 8.4 Hz), 7.60 (1 H, s), 7.75 (1 H, s), 8.02 (1 H, dd, J = 1 .7, 4.9 Hz). 
[1497] The starting material, sodium cyclopropylmethoxymethyl trifluoroborate, was synthesized as follows. 

[Manufacturing Example 195-2-1] 2-(Bromomethyl)-4,4,5,5-tetramethyl-1 ,3, 2-dioxaborolane 



[1499] To a mixture of triisopropyl borate (20 g, 1 10 mmol), dibromomethane (8.6 mL, 120 mmol), and tetrahydrofuran 
(150 mL) was added dropwise n-butyl lithium (2.6 M n-hexane solution, 39 mL, 100 mmol) over a period of 1.5 hours at 
-78°C, and then the reaction mixture was stirred for 1 .5 hours at the same temperature. This mixture was then stirred 
for 2 hours at room temperature, after which it was cooled to 0°C, methanesulfonic acid (6.5 mL, 1 00 mmol) was added 
to the reaction mixture, and then the reaction mixture was stirred for 1 hour at room temperature. The mixture was cooled 
to 0°C, pinacol (1 2 g, 1 00 mmol) was added to the reaction mixture, and the reaction mixture was then stirred for 1 hour 
at room temperature. The reaction mixture was concentrated under a reduced pressure, after which the residue thus 
obtained was distilled under a reduced pressure (74 - 76°C, 8 mmHg) to obtain the title compound (1 6 g). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 1 .29 (12H, s), 2.59 (2H, s). 



[1495] 




[1498] 
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[Manufacturing Example 195-2-2] Sodium cyclopropylmethoxymethyl trifluoroborate 
[1500] 



[1501] To a mixture of sodium hydride (430 mg, 12 mmol, 66% in oil) and tetrahydrofuran (20 ml_) was added cyclo- 
propylmethanol (1.2 mL, 15 mmol) at 0°C, and the reaction mixture was stirred for 30 minutes at room temperature. To 
the reaction mixture was added 2-(bromomethyi)-4,4,5,5-tetramethyl-1 ,3,2-dioxaborolane (2.0 g, 9.1 mmol) described 
in Manufacturing Example 195-2-1 at 0°C, and the reaction mixture was stirred for 1 hour at room temperature, and then 
for 4 hours at 45°C. The reaction mixture was cooled to 0°C. sodium hydrogenfluoride (2.2 g, 36 mmol) was added, and 
then water (15 mL) was added dropwise to the reaction mixture at the same temperature. The reaction mixture was 
raised to room temperature, after which the solvent was evaporated under a reduced pressure. Acetone (1 00 mL) and 
methanol (1 m) were added to the residue thus obtained, which was heated and then gradually cooled to about 40°C, 
and then filtered. The filtrate was concentrated under a reduced pressure, and the residue was washed with ethyl acetate 
to obtain the title compound (1 .2 g). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm) : 0.05-0.09 (2H, m), 0.35-0.40 (2H, m), 0.86-0.96 (1 H, m), 2.46 (2H, q, J = 5.6 
Hz), 3.00 (2H, d, J = 6.8 Hz). 

[Example 196] 3-(1-(4-Ethoxymethyl-benzyl)-1H-pyrazol-4-yl)-pyridin-2-ylamine 
[1502] 




[1503] To a mixture of 3-(1-(4-bromo-benzyl)-1H-pyrazol-4-yl)-pyridin-2-ylamine (24 mg, 0.073 mmol) described in 
Manufacturing Example 195-1-1 and 1,4-dioxane (1.5 mL) were added water (150 (j.L), cesium carbonate (95 mg, 0.29 
mmol), the potassium ethoxymethyl trifluoroborate (18 mg, 0.11 mmol) described in Manufacturing Example 196-1-2, 
palladium(ll) acetate (1.6 mg, 0.0073 mmol), and (±)-2,2'-bis(diphenylphosphino)-1 ,1'-binaphthyl (4.5 mg, 0.0073 mmol) 
at room temperature, which was stirred under nitrogen atmosphere for 6 hours at 100°C. The reaction mixture was 
cooled to room temperature, after which water and ethyl acetate were added and the mixture was filtered through a 
Celite pad. The organic layer of the filtrate was washed with saturated aqueous sodium chloride, and was concentrated 
under a reduced pressure. The residue thus obtained was purified by reverse-phase high performance liquid chroma- 
tography (using an acetonitrile-water mobile phase containing 0.1 % trifluoroacetic acid) to obtain the title compound 
(5.2 mg, 1 7%) as a trifluoroacetic acid salt. 
MS m/e(ESI) 309.29(MH+) 

[1504] The starting material, potassium ethoxymethyl trifluoroborate, was synthesized as follows. 
[Manufacturing Example 196-1-1] Tributyl-ethoxymethyl-tin 



[1505] 
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[1506] To a mixture of diisopropylamine (2.1 mL, 15 mmol) and tetrahydrofuran (30 mL) was added dropwise n-butyl 
10 lithium (2.4 M n-hexane solution, 5.0 mL, 12 mmol) at -78°C, and then the reaction mixture was stirred for 30 minutes. 
TriDutyitin nyande (3.3 mL, 12 mmol) was added dropwise to this mixture at -78°C, and then the reaction mixture was 
stirred for 40 minutes at 0°C. The reaction mixture was cooled to -78°C, after which ethoxymethyl chloride (1.1 mL, 12 
mmol) was added dropwise to the reaction mixture. The reaction mixture was raised to room temperature, diethyl ether 
and an ammonium chloride aqueous solution were added to the reaction mixture, and the organic layer was separated. 
is The organic layer was washed with saturated aqueous sodium chloride, after which the organic layer was concentrated 
under a reduced pressure. The residue was purified by neutral silica gel column chromatography (heptane : diethyl ether 
= 30 : 1) to obtain the title compound (2.8 g, 66%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 0.87-0.92 (15H, m), 1.16 (3H, t, J= 7.0 Hz), 1.26-1 .35 (6H, m), 1 .43-1.55 (6H, m), 
3.36 (2H, q, J = 7.0 Hz), 3.74 (2H, t, J = 6.5 Hz). 

20 

[Manufacturing Example 196-1-2] Potassium ethoxymethyl trifluoroborate 
[1507] 



[1508] To a mixture of tributyl-ethoxymethyl-tin (1.0 g, 2.9 mmol) described in Manufacturing Example 196-1-1 and 
so tetrahydrofuran (10 mL) was added dropwise n-butyl lithium (1 .5 M n-hexane solution, 2.0 mL, 3.2 mmol) at -78°C, and 
then the reaction mixture was stirred for 30 minutes at the same temperature. To a mixture of triisopropyl borate (0.73 
mL, 3.2 mmol) and tetrahydrofuran (10 mL) was added dropwise reaction mixture by cannulation at -78°C. The reaction 
mixture was stirred for 30 minutes at room temperature. Potassium hydrogenfluoride (1.3 g, 17 mmol) was added at 
0°C to the mixture, and then water (1 0 mL) was added dropwise to the reaction mixture. The reaction mixture was raised 
35 to room temperature, after which the reaction mixture was concentrated under a reduced pressure. The residue thus 
obtained was washed with diethyl ether (50 mL). Acetone (100 mL) was added to this residue, which was filtered. The 
filtrate was concentrated under a reduced pressure, and the residue was recrystallized from acetonitrile to obtain the 
title compound (150 mg, 32%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 0.99 (3H, t, J = 7.0 Hz), 2.42 (2H, q, J = 5.6 Hz), 3.18 (2H, q, J = 7.0 Hz). 

40 

[Example 197] 3-(1-(4-Cyclobutoxymefhyl-benzyi)-1H-pyrazol-4-yl)-pyridin-2-ylamine 
[1509] 

45 



50 




[1510] To a mixture of 3-(1-(4-bromo-benzyl)-1H-pyrazol-4-yl)-pyridin-2-ylamine (24 mg, 0.073 mmol) described in 
Manufacturing Example 195-1-1 and 1,4-dioxane (1.5mL) were added water (150 |xL), cesium carbonate (95 mg, 0.29 
mmol), potassium cyclobutoxymethyl trifluoroborate (21 mg, 0.11 mmol) described in Manufacturing Example 197-1-2, 
palladium(ll) acetate (1 .6 mg, 0.0073 mmol), and (±)-2,2'-bis(diphenylphosphino)-1 ,1 '-binaphthyl (4.5 mg, 0.0073 mmol) 
at room temperature, which was stirred under nitrogen atmosphere for 6 hours at 100°C. The reaction mixture was 
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cooled to room temperature, after which water and ethyl acetate were added and the mixture was filtered through a 
Celite pad. The organic layer of the filtrate was washed with saturated aqueous sodium chloride, and was concentrated 
under a reduced pressure. The residue thus obtained was purified by reverse-phase high performance liquid chroma- 
tography (using an acetonitrile-water mobile phase containing 0.1 % trifluoroacetic acid) to obtain the title compound 
5 (5.2 mg, 1 6%) as a trifluoroacetic acid salt. 
MS m/e(ESI) 335.19(MH+) 

[1511] The starting material, potassium cyclobutoxymethyl trifluoroborate, was synthesized as follows. 
[Manufacturing Example 1 97-1 -1 ] Tributyl-cyclobutoxymethyl-tin 

10 

[1512] 



15 




20 

[1513] To a mixture of sodium hydride (250 mg, 7.0 mmol, 66% in oil) and tetrahydrofuran (20 ml_) were added 
cyclobutanol (0.55 mL, 7.0 mmol) and N,N-dimethylformamide (20 mL) at 0°C, and then the reaction mixture was stirred 
for 40 minutes at room temperature. The tributyl-iodomethyl-tin (2.0 g, 4.6 mmol) described in Manufacturing Example 
1 97-2-2 was added dropwise to the reaction mixture at 0°C, and then the reaction mixture was stirred overnight at room 
25 temperature. Heptane and water were added to the reaction mixture, and the organic layer was separated. The organic 
layer was washed and saturated aqueous sodium chloride, and was concentrated under a reduced pressure. The residue 
was purified by silica gel column chromatography (heptane : ethyl acetate = 20 : 1) to obtain the title compound (1 .6 g, 
92%). 

1 H- NMR Spectrum (CDCI 3 ) 5 (ppm): 0.81-0.98 (15H, m), 1.26-1.35 (6H, m), 1.43-1.57 (7H, m), 1.65-1.70 (1 H, m), 
30 1.80-1 .87 (2H,m), 2.1 4-2.21 (2H, m), 3.57 (2H, dd, J = 7.3, 7.0 Hz), 3.68-3.76 (1 H, m). 

[Manufacturing Example 197-1-2] Potassium cyclobutoxymethyl trifluoroborate 

[1514] 

35 




[1515] To a mixture of tributyl-cyclobutoxymethyl-tin (1.0 g, 2.7 mmol) described in. Manufacturing Example 197-1-1 
and tetrahydrofuran (1 0 mL) was added n-butyl lithium (1.5 M n-hexane solution, 1 .7 mL, 2.7 mmol)dropwise at -78°C, 
and then the reaction mixture was stirred for 60 minutes at the same temperature. A tetrahydrofuran (1 0 mL) solution 
of triisopropyl borate (0.80 mL, 3.5 mmol) was added dropwise at to this mixture at -78°C, and then the reaction mixture 

45 was stirred for 5 minutes at room temperature. Potassium hydrogenfluoride (1 .25 g, 1 6 mmol) was added to the reaction 
mixture at 0°C, and then the reaction mixture was stirred for 50 minutes at room temperature. Water (1 0 mL) was added 
dropwise to the compound at room temperature, and then the reaction mixture was stirred for further 50 minutes at the 
same temperature. The reaction mixture was concentrated under a reduced pressure. The residue thus obtained was 
washed with diethyl ether. Acetone was added to this residue, which was filtered. The filtrate was concentrated under 

so reduced pressure to obtain the title compound (21 0 mg, 42%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 1.30-1.42 (1 H, m), 1.48-1.58 (1 H, m), 1.61-1.73 (2H, m), 1.99-2.08 (2H, m), 
2.31 (2H, q, J = 5.6 Hz), 3.60 (1 H, quin, J = 6.8 Hz). 

[1516] The starting material, tributyl-iodomethyl-tin, was synthesized as follows. 
55 [Manufacturing Example 197-2-1] Tributylstannyl-methanol 
[1517] 



290 



EP 1 944 303 A1 




[1518] To a mixture of diisopropylamine (62 mL, 0.44 mol) and tetrahydrofuran (1 000 mL) were added dropweise n- 
butyl lithium (2.6 M n-hexane solution, 100 mL, 0.26 mol) and n-butyl lithium (1 .6 M n-hexane solution, 95 mL, 0.15 mol) 
at-78°C, and then the reaction mixture was stirred for 30 minutes. To this mixture was added dropwise tributyltin hydride 
(1 00 mL, 0.37 mol) at-78°C, and then the reaction mixture was stirred for 60 minutes at 0°C. The reaction mixture was 
cooled to -78°C, after which paraformaldehyde (13 g, 0.15 mol) was added to the reaction mixture. The reaction mixture 
was slowly raised to room temperature, and then the reaction mixture was stirred overnight at room temperature. To the 
reaction mixture were added water, an ammonium chloride aqueous solution, and diethyl ether, and the organic layer 
was separated. The organic layer was washed first with a saturated sodium hydrogencarbonate aqueous solution and 
then with saturated aqueous sodium chloride. The organic layer was separated, and was concentrated under a reduced 
pressure. The residue was purified by neutral silica gel column chromatography (heptane : diethyl ether = 4 : 1 ) to obtain 
the title compound (95 g, 80%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 0.88-0.94 (15H, m), 1.27-1.36 (6H, m), 1.49-1.55 (6H, m), 4.02 (2H, dd, J = 1.8, 
6.6 Hz). 

[Manufacturing Example 197-2-2] Tributyl-iodomethyl-tin 
[1519] 




[1 520] To a mixture of triphenylphosphine (70 g, 0.27 mol) and tetrahydrofuran (500 mL) was added dropwise a mixture 
of N-iodosuccinimide (60 g, 0.27 mol) and tetrahydrofuran (500 mL) at 0°C, and then the reaction mixture was stirred 
for 30 minutes at 0°C. To this mixture wa added dropwise tributylstannyl-methanol (71 g, 0.22 mol) described in Manu- 
facturing Example 197-2-1 at 0°C, and then the reaction mixture was stirred for 20 minutes at 0°C. The reaction mixture 
was stirred overnight at room temperature. Diethyl ether and water were added to the reaction mixture, and the organic 
layer was separated. The organic layer was washed first with a saturated sodium thiosulfate aqueous solution and then 
with saturated aqueous sodium chloride. The organic layer was separated, and was concentrated under a reduced 
pressure. Heptane (400 mL) was added to the residue and filtered. The solvent in the filtrate was evaporated under a 
reduced pressure, and the residue was purified by silica gel column chromatography (heptane) to obtain the title com- 
pound (90 g, 94%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 0.91 (9H, t, J = 7.2 Hz), 0.96-1 .00 (6H, m), 1 .28-1 .37 (6H, m), 1 .49-1.56 (6H, m), 
1.94 (2H,t, J = 8.9 Hz). 

[Example 198] 3-(1-(6-Benzyloxy-pyridin-3-ylmethyl)-1 H-pyrazol-4-yl)-pyridin-2,6-diamine 
[1521] 
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[1522] To an N,N-dimethylformamide (5.00 mL) solution of 3-(1H-pyrazol-4-yl)-pyridine-2,6-diamine (30.0 mg, 0.171 
mmol) described in Manufacturing Example 36-1-2 was added sodium hydride (7.52 mg, 0.188 mmol, 60% in oil) on an 
ice bath (0°C), which was stirred for 30 minutes at room temperature. Thereafter, 2-benzyloxy-5-chloromethyl-pyridine 
(59.9 mg, 0.257 mmol) described in Manufacturing Example 191-1-2 was added to the mixture, which was stirred for 
30 minutes at room temperature. The reaction mixture was partitioned into ethyl acetate and water. The organic layer 
was washed with water and a saturated sodium chloride aqueous solution, and dried with anhydrous magnesium sulfate, 
and the solvent was evaporated under a reduced pressure. The residue was purified by NH silica gel column chroma- 
tography (ethyl acetate) to obtain the title compound (27.4 mg, 43.0%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm) : 5.09 (2H, brs), 5.26 (2H, s), 5.34 (2H, s), 5.44 (2H, brs), 5.77 (1 H, dd, J = 2.8, 
8.0 Hz), 6.86(1 H,dd, J = 2.0, 8.8 Hz), 7.14-7.16(1 H, m), 7.29-7.44 (5H, m), 7.57(1 H, d, J = 2.0 Hz), 7.68-7.71 (1 H, 
m), 7.94 (1 H, d, J = 1 .6 Hz), 8.1 7 (1 H, s). 

[Example 199] 3-(1-(4-(Pyridin-2-ylmethoxy)-benzyl)-1H-pyrazol-4-yl)-pyridin-2,6-diamine 



[1524] To an N,N-dimethylformamide (5.00 mL) solution of 3-(1 H-pyrazol-4-yl)-pyridin-2,6-diamine (30.0 mg, 0.171 
mmol) described in Manufacturing Example 36-1-2 was added sodium hydride (7.52 mg, 0.188 mmol, 60% in oil) on an 
ice bath (0°C) under nitrogen atmosphere, which was stirred for 30 minutes at room temperature. Thereafter, 2-(4- 
chloromethyl-phenoxymethyl)-pyridine (59.9 mg, 0.257 mmol) described in Example 1 92 was added to the above mixture, 
where was stirred for 30 minutes at room temperature. The reaction mixture was partitioned into ethyl acetate and water 
at room temperature. The organic layer was washed with water and saturated aqueous sodium chloride and dried over 
anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue was purified by 
NH silica gel column chromatography (ethyl acetate : heptane = 2 : 1 -> ethyl acetate) to obtain the title compound (1 1 .5 
mg, 18.1 %). 

1 H-NMR Spectrum (DMSO-d 6 ) 6 (ppm):5.06 (2H, brs), 5.16 (2H, s), 5.21 (2H, s), 5.43(2H, brs), 5.77 (1 H, d, J = 8.0 Hz), 
6.99 (2H, d, J = 8.8 Hz), 7.14 (1 H, d, J = 8.4 Hz), 7.25 (2H, d, J = 8.8 Hz), 7.32-7.35 (1 H, m), 7.49 (1 H, d, J = 7.6 Hz), 
7.55 (1 H, s), 7.80-7.84 (1 H, m), 7.90 (1H, s), 8.56-8.57 (1 H, m). 

[Example 200] 3-(1-(6-Phenoxy-pyridin-3-ylmethyl)-1H-pyrazol-4-yl)-pyridin-2,6-diamine 



[1526] To an N,N-dimethylformamide (5.00 mL) solution of 3-(1 H-pyrazol-4-yl)-pyridine-2,6-diamine (30.0 mg, 0.171 
mmol) described in Manufacturing Example 36-1-2 was added sodium hydride (7.52 mg, 0.188 mmol, 60% in oil) on an 
ice bath (0°C) under nitrogen atmosphere, which was stirred for 10 minutes at room temperature. Thereafter, 5-chlo- 
romethyl-2-phenoxy-pyridine (59:9 mg, 0.273 mmol) described in Manufacturing Example 193-1-2 was added to the 
above mixture, which was stirred for 30 minutes at room temperature. The reaction mixture was partitioned into ethyl 
acetate and water at room temperature. The organic layer was washed with water and saturated aqueous sodium chloride 
and dried over anhydrous magnesium sulfate, and the solvent was evaporated under a reduced pressure. The residue 
was purified by NH silica gel column chromatography (ethyl acetate) to obtain the title compound (15.4 mg, 25.2%). 



[1523] 




[1525] 
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1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm) : 5.09 (2H, brs), 5.29 (2H, s), 5.44 (2H, brs), 5.77 (1 H, dd, J = 0.8, 8.0 Hz), 7.01 
(1 H, d, J = 8.4 Hz), 7.1 0-7.23 (4H, m), 7.41 (2H, t, J = 7.6 Hz), 7.59 (1 H, s), 7.79 (1 H, dd, J = 2.0, 8.4 Hz), 7.96 (1 H, 
s), 8.14(1 H, d, J = 2.8 Hz). 

[Example 201] 3-(3-(4-Benzyloxy-benzyl)-isoxazol-5-yl)-pyridine 



[1528] To a tetrahydrofuran (3 ml_) solution of 3-ethynylpyridine (50 mg, 0.485 mmol) and (4-benzyloxy-phenyl)-ace- 
tohydroximoyl chloride (214 mg, 0.776 mmol) described in Manufacturing Example 1-1-3 was added triethylamine (270 
luuL, 1 .94 mmol), which was stirred for 2.5 hours at room temperature. This mixture was partitioned into ethyl acetate 
and water. The organic layer was separated, washed with water and saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue 
was purified by NH silica gel column chromatography (ethyl acetate : heptane =1 : 4 to 1 : 2) to obtain the title compound 
(80 mg, 48%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.02 (2H, s), 5.05 (2H, s), 5.37 (1H, s), 6.93-6.97 (2H, m), 7.19-7.22 (2H, m), 
7.30-7.44 (6H, m), 8.04-8.06 (1 H, m), 8.63-8.65 (1 H, m), 8.95-8.96 (1H, m). 

[Example 202] 3-(3-(4-(Pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridine 



[1530] To a tetrahydrofuran (3 mL) solution of 3-ethynylpyridine (10 mg, 0.097 mmol) and (4-(pyridin-2-yloxyme- 
thyl)-phenyl)-acetohydroximoyl chloride (42.9 mg, 0.155 mmol) described in Manufacturing Example 2-1-5 was added 
triethylamine (54.1 |xL, 0.388 mmol), which was stirred for 2.5 hours at room temperature. This mixture was partitioned 
into ethyl acetate and water. The organic layer was separated, washed with water and saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, 
and the residue was purified by NH silica gel column chromatography (ethyl acetate : heptane =1 : 4 to 1 : 2, then 1 : 
1) to obtain the title compound (8 mg, 24%). 

1 H-NMR Spectrum (CDCI 3 ) § (ppm): 4.09 (2H, s), 5.37 (2H, s), 6.38 (1 H, s), 6.79-6.81 (1 H, m), 6.87-6.90 (1 H, m), 
7.31 (2H, d, J = 8.4 Hz), 7.37-7.40 (1 H, m), 7.45 (2H, d, J = 8.4 Hz), 7.56-7.61 (1 H, m), 8. 02-8.05 (1H, m), 8.16-8.18 
(1H, m), 8.64-8.65(1 H, m), 8.956-8.959 (1 H, m). 

[Example 203] 3-(3-(4-(Pyridin-2-ylmethoxy)-benzyl)-isoxazol-5-yl)-pyridine 



[1527] 




[1529] 




[1531] 
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[1 532] To a tetrahydrofuran (3 mL) solution of 3-ethynylpyridine (50 mg, 0.485 mmol) and (4-(pyridin-2-ylmethoxy)-phe- 
nyl)-acetohydroximoyl chloride (215 mg, 0.776 mmol) described in Manufacturing Example 203-1-4 was added triethyl- 
amine (270 pi, 1 .94 mmol), which was stirred for 2.5 hours at room temperature. This mixture was partitioned into ethyl 
acetate and water. The organic layer was separated, washed with water and saturated aqueous sodium chloride, dried 
over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue 
was purified by NH silica gel column chromatography (ethyl acetate : heptane = 1 : 4 to 1 : 2, then 1 : 1 ) to obtain the 
title compound (71 mg, 43%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.02 (2H, s), 5.20 (2H, s), 6.37 (1H, s), 7.47 (2H, d, J = 8.4 Hz), 7.20-7.24 (2H, m), 
7.21 (1 H, d, J. = 8.4 Hz), 7..37-7.40 (1 H, m),7.51-7.53 (1 H, m), 7.69-7.73 (1 H, m), 8.02-8.05 (1 H, m), 8.59-8.60 (1 
H, m), 8.63-8.65 ( 1 H, m), 8.95-8.96 (1 H, m). 

[1533] The starting material, (4-(pyridin-2-ylmethoxy)-pheny!)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 203-1-1] 4-(Pyridin-2-ylmethoxy)-benzaldehyde 

[1534] 




[1535] To an N,N-dimethylformamide (250 mL) solution of 4-hydroxybenzaldehyde (20 g, 164 mmol) and 2-picolyl 
chloride (27 g, 165 mmol) was added potassium carbonate (68 g, 492 mmol), which was stirred for 3 days at room 
temperature. This mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed with 
water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure 
to obtain the title compound. (29 g, 83%). The title compound was not purified but used for the next reaction. 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 5.31 (2H, s), 7.21 -7.25 (2H, m), 7.35-7.39 (1 H, m), 7.53-7.55 (1 H, m), 7.83-7.90 
(3H, m), 8.59-8.61 (1 H, m), 9.88 (1H,s). 

[Manufacturing Example 203-1-2] 2-(4-((£)-Nitro-vinyl)-phenoxymethyl)-pyridine 
[1536] 




[1537] A mixture of 4-(pyridin-2-ylmethoxy)-benzaldehyde (29 g, 136 mmol) described in Manufacturing Example 
203-1 -1 , nitromethane (36.6 mL, 680 mmol), ammonium acetate (21 g, 272 mmol), and acetic acid (300 mL) was stirred 
for 21 hours at 1 00°C. This mixture was cooled to room temperature and concentrated under a reduced pressure. The 
residue was partitioned into ethyl acetate and water. The organic layer was separated, washed with water and saturated 
aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a 
reduced pressure to obtain the title compound (33.9 g, 97%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 5.27 (2H, s), 7.04-7.06 (2H, m), 7.25-7.28 (1H, m), 7.49-7.54 (4H, m), 7.72-7.76 
(1 H, m), 7.96-7.99 (1 H, m), 8.62-8.63 (1 H, m). 
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[Manufacturing Example 203-1-3] 2-(4-(2-Nitro-ethyl)-phenoxymethyl)-pyridine 
[1538] 



o 

10 

[1539] To a solution of 2-(4-((£)-nitro-vinyl)-phenoxymethyl)-pyridine (33.9 g, 132 mmol) described in Manufacturing 
Example 203-1-2 in acetic acid (34 mL) and dimethyl sulfoxide (576 mL) was added sodium borohydride (7.99 g, 211 
mmol) at room temperature while cooling appropriately. This mixture was stirred for 5 hours at room temperature. This 
mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried over 
is anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue 
was recrystallized from heptane and ethyl acetate to obtain the title compound (6.81 g, 20%). 

1 H-NMR Spectrum (CDCI 3 ) 8 (ppm): 3.26-3.30 (2H, m), 4.57-4.61 (2H, m), 5.51 (2H, s), 6.97 (2H, d, J = 8.8 Hz), 7.17 
(2H, d, J = 8.8 Hz), 7.41-7.44 (1 H, m), 7.89-7.91 (1 H, m), 7.96-8.00 (1 H, m), 8.77-8.78 (1 H, m). 

20 [Manufacturing Example 203-1 -4] (4-(Pyridin-2-ylmethoxy)-phenyl)-acetohydroximoyl chloride 

[1540] 



25 




30 

[1541] To a methanol (36 mL) solution of 2-(4-(2-nitro-ethyl)-phenoxymethyl)-pyridine (3 g, 1 1 .6 mmol) described in 
Manufacturing Example 203-1 -3 was added lithium methoxide (881 mg, 23.2 mmol), and this mixture was stirred at room 
temperature for 1 hour. The mixture was concentrated under a reduced pressure, water in the residue was azeotropically 
distilled with toluene, and that residue was diluted with methylene chloride (46 mL) and tetrahydrofuran (23 mL). The 

35 mixture was cooled to -78°C, after which titanium (IV) tetrachloride (4.08 mL, 37.1 mmol) was added dropwise to this 
suspension. The mixture was stirred for 1 hour at room temperature. This mixture was cooled to -78°C and partitioned 
into ethyl acetate and water. The thin organic layer was separated, washed with saturated aqueous sodium chloride, 
dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain 
the title compound (1 .98 g). 

40 [1542] This compound was used in the following reaction without any further purification. 

[Example 204] 3-(3-(2-Fluoro-4-(pyridi n-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 
[1543] 

45 



50 




[1544] To a tetrahydrofuran (3 mL) solution of the 3-ethynyl-pyridin-2-ylamine (38.4 mg, 0.325 mmol) described in 
Manufacturing Example 1 -2-3 and (2-f luoro-4-(pyridin-2-y loxymethyl)-phenyl) acetohydroximoyl chloride (1 50 mg, 0.509 
mmol) described in Manufacturing Example 204-1 -8 was added triethylamine (97.2 |xL, 0.697 mmol), which was stirred 
for 2 hours at 60°C. The mixture was cooled to room temperature and partitioned into ethyl acetate and water. The 
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organic layer was separated, washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was 
concentrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography (ethyl 
acetate : heptane = 1 : 4 to 1 : 2, then 1 : 1) to obtain the title compound (46 mg, 24%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.09 (2H, s), 5.37 (2H, s), 5.43(2H, brs), 6.32 (1 H, s), 6.70-6.73 (1 H, m), 6.80-6.82 
(1 H, m), 6.88-6.92 (1 H, m), 7.19-7.30 (3H, m), 7.58-7.62 (1 H, m), 7.70-7.73 (1 H, m), 8.13-8.1 8(2H, m). 
[1545] The starting material, (2-fluoro-4-(pyridin-2-yloxymethyl)-phenyl) acetohydroximoyl chloride, was synthesized 
as follows. 

[Manufacturing Example 204-1-1] 2-(4-Bromo-2-fluoro-phenyl)-[1,3]dioxolane 
[1546] 




[1547] A mixture of 4-bromo-2-fluorobenzaldehyde (10 g, 49.3 mmol), ethylene glycol (27.5 mL, 493 mmol), cam- 
phorsulfonic acid (115 mg, 0.493 mmol), and toluene (250 mL) was stirred for 5 hours under reflux. The mixture was 
cooled to room temperature and a saturated sodium hydrogencarbonate aqueous solution was added thereto. The 
organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, 
and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound (12.5 g). The title 
compound was used in the following reaction without any further purification. 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 4.03-4.09 (2H, m), 4.10-4.16 (2H,m), 6.03 (1 H, s), 7.25-7.28 (1 H, m), 7.30-7.32 
(1 H, m), 7.40-7.44 (1 H, m). 

[Manufacturing Example 204-1-2] 4-[1,3]Dioxolan 2-yl-3-fluoro-benzaldehyde 
[1548] 




[1549] To a tetrahydrofuran (600 mL) solution of 2-(4-bromo-2-fluoro-phenyl)-[1 ,3]dioxolane (12.5 g, 50.7 mmol) de- 
scribed in Manufacturing Example 204-1-1 was added dropwise n-butyl lithium (28.5 mL, 2.67 M hexane solution, 76.1 
mmol) over 15 minute. The mixture was stirred for 5 minutes at -78°C, after which a THF solution of N-formylmorpholine 
(5.61 mL, 55.8 mmol) was added to this reaction solution, which was stirred for another 2.5 hours at room temperature. 
Water and ethyl acetate were added to this mixture, which was partitioned. The organic layer was separated, washed 
with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was con- 
centrated under a reduced pressure to obtain the title compound (9.99 g). The title compound was used in the following 
reaction without any further purification. 

[Manufacturing Example 204-1-3] (4-[1 ,3]Dioxolan-2-yl-3-fluoro-phenyl)-methanol 
[1550] 




[1551] To a methanol solution (200 mL) of 4-[1,3]dioxolan-2-yl-3-fluoro-benzaldehyde (10 g, 50.9 mmol) described in 



EP 1 944 303 A1 



Manufacturing Example 204-1 -2 was added sodium borohydride (2.12 g, 56 mmol), which was stirred for 1 hour at room 
temperature. This mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed with 
water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, 
and the residue was purified by NH silica gel column chromatography (ethyl acetate : heptane =1 : 1 ) to obtain the title 
compound (2.44 g, 24%). 

1 H-NMR Spectrum (CDCI 3 ) 6 (ppm): 3.80 (1 H, brs), 4.03-4.17 (4H, m), 6.21 (2H, d, J = 6.0 Hz), 6.08 (1 H, s), 7.09-7.1 9 
(1 H, m), 7.38-7.54 (2H, m). 

[Manufacturing Example 204-1-4] 2-(4-[1 ,3]Dioxolan-2-yl-3-fiuoro-benzyloxy)-pyridine 




[1553] To an N,N-dimethylformamide solution (20 mL) of (4-[1 ,3]dioxolan-2-yl-3-fluoro-phenyl)-methanol (2.44 g, 12.3 
mmol) described in Manufacturing Example 204-1-3 was added sodium hydride (537 mg, 14.8 mmol, 60% in oil), which 
was cooled to 0°C, after which 2-fluoropyridine (1.27 mL, 14.8 mmol) was added to this suspension, which was stirred 
for 2 hours at 60°C. The mixture was cooled to room temperature and partitioned into ethyl acetate and water. The 
organic layer was separated, washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was 
concentrated under a reduced pressure, and the residue was purified by silica gel column chromatography (ethyl acetate : 
heptane = 1 : 4) to obtain the title compound (2.17 g, 64%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm): 4.05-4.17 (4H, m), 5.38 (2H, s), 6.09 (1 H, s), 6.79-6.83 (1 H, m), 6.88-6.91 (1 H, 
m), 7.16-7.25 (2H, m), 7.50-7.54 (1 H, m), 7.56-7.62 (1 H, m), 8.14-8.16 (1 H, m). 

[Manufacturing Example 204-1-5] 2-Fluoro-4-(pyridin-2-yloxymethyl)-benzaldehyde 

[1554] 




[1555] To asolution of 2-(4-[1,3]dioxolan-2-yl-3-fluoro-benzyloxy)-pyridine (2.17g, 7.88 mmol) described in Manufac- 
turing Example 204-1-4 in methanol (10 mL) and tetrahydrofuran (10 mL) was added 5 N hydrochloric acid (8.43 mL, 
8.43 mmol). This solution was stirred for 1 5 minutes at room temperature. This mixture was cooled to 0°C and neutralized 
with a saturated sodium hydrogencarbonate aqueous solution, after which it was extracted with ethyl acetate. The organic 
layer was separated, washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was con- 
centrated under a reduced pressure to obtain the title compound (1 .81 g). The title compound was used in the following 
reaction without any further purification. 

1 H-NMR Spectrum (CDCI 6 ) § (ppm):5.46 (2H, s), 6.82-6.94 (3H, m), 7.29-7.34 (1 H, m), 7.59-7.65(1 H, m), 7.85-7.89(1 
H, m), 8.14-8.17(11-1, m), 10.35 (1 H, s). 

[Manufacturing Example 204-1-6] 2-(3-Fluoro-4-(E)-2-nitro-vinyl)-benzyloxy)-pyridine 
[1556] 
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[1557] A mixture of 2-fluoro-4-(pyridin-2-yloxymethyl)-benzaldehyde (1.81 g 7.81 mmol) described in Manufacturing 
JO Example 204-1-5, nitromethane (2.12 ml_, 39.1 mmol), ammonium acetate (1.2 g, 15.6 mmol), and acetic acid (20 ml_) 
was stirred for 5 hours at 100°C. This mixture was cooled to room temperature and concentrated under a reduced 
pressure. The residue was partitioned into ethyl acetate and water. The organic layer was separated, washed with water, 
dried over anhydrous magnesium sulfate, and filtered. The residue was purified by silica gel column chromatography 
(ethyl acetate : heptane = 1 : 4) to obtain the title compound (980 mg, 46%). 
J5 1 H -NMR Spectrum (CDCI 3 ) 5 (ppm): 5.44 (2H, s), 6.84-6.87 (1 H, s), 6.91-6.94 (1H, m), 7.24-7.32 (3H, m), 7.48-7.52 
(1H, m), 7.61-7.65 (1 H, m), 7.71-7.75 (1 H, m), 8.14-8.16 (1H,m). 

[Manufacturing Example 204-1-7] 2-(3-Fluoro-4-(2-nitro-ethyl)-benzyloxy)-pyridine 

20 [1558] 




[1559] To a solution of 2-(3-fluoro-4-(E)-2-nitro-vinyl)-benzyloxy)-pyridine (980 mg, 3.57 mmol) described in Manu- 
30 facturing Example 204-1-6 in acetic acid (1 mL) and dimethyl sulfoxide (17 mL) was added sodium borohydride (203 
mg, 5.36 mmol) at room temperature while cooling appropriately. This mixture was stirred for 3 hours at room temperature. 
The mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried 
over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the 
title compound (960 mg). 

35 1H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.34-3.39 (2H, m), 4.60-4.67 (2H, m), 5.36 (2H, s), 6.80-6.83 (1 H, m), 6.89-6.92 
(1 H, m), 7.17-7.21 (3H, m), 7.58-7.62 (1 H, m), 8.15-8.17 (1 H, m). 

[Manufacturing Example 204-1-8] (2-Fluoro-4-(pyridin-2-yloxymethyl)-phenyl) acetohydroximoyl chloride 
40 [1560] 




HO 



[1561] To a methanol (20 mL) solution of 2-(3-fluoro-4-(2-nitro-ethyl)-benzyloxy)-pyridine (960 mg, 3.47 mmol) de- 
scribed in Manufacturing Example 204-1-7 was added lithium methoxide (264 mg, 6.94 mmol), and this mixture was 
stirred at room temperature for 1 hour. The mixture was concentrated under a reduced pressure, water in the residue 
was azeotropically distilled with toluene, and that residue was diluted with methylene chloride (15 mL) and tetrahydrofuran 
55 (5 mL). The mixture was cooled to -78°C, after which titanium (IV) tetrachloride (1 .22 mL, 1 1 .1 mmol) was added dropwise 
to this suspension. The mixture was stirred for 2 hours at 0°C. This mixture was cooled to -78°C and partitioned into 
ethyl acetate and water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title 
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compound (890 mg). The title compound was used in the following reaction without any further purification. 

[Example 205] 3-(3-(4-Benzylsulfanyl-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[1562] 




[1563] To a tetrahydrofuran (3 mL) solution of 3-ethynyl-pyridin-2-ylamine (50 mg, 0.423 mmol) described in Manu- 
facturing Example 1 -2-3 and (4-phenylsulfanylmethyl-phenyl) acetohydroximoyl chloride (1 97 mg, 0.677 mmol) described 
in Manufacturing Example 205-1 -6 was added triethylamine (147 |xL, 1 .06 mmol), which was stirred for 1 8 hours at room 
temperature. This mixture was cooled to room temperature and partitioned into ethyl acetate and water. The organic 
layer was separated, washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was con- 
centrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography (ethyl acetate : 
heptane = 1 : 4 to 1 : 2) to obtain the title compound (29 mg, 18%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.98 (2H, s), 4.1 1 (2H, s), 5.38 (2H, brs), 6.22(1 H, s), 6.70-6.73 (1 H, m), 7.1 6-7.1 8 
(2H, m), 7.22-7.31 (7H, m), 7.69-7.71 (1 H, m), 8.14-8.15 (1H, m). 

[1564] The starting material, (4-benzylphenylsulfanyl-phenyl) acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 205-1-1] 2-(4-Benzylsulfanyl-phenyl)-[1,3]dioxolane 

[1565] 




[1566] To a tetrahydrofuran (100 mL) solution of 2-(4-bromophenyl)-1 ,3-dioxane (5g, 0.677 mmol) was added n-butyl 
lithium (14.9 mL, 2.64 M hexane solution, 39.2 mmol) at -78°C, which was stirred for 15 minutes. Benzyl disulfide (5.91 
g, 24 mmol) was added dropwise to the reaction mixture at -78°C, which was stirred for 5 hours. The mixture was raised 
to 0°C and partitioned into ethyl acetate and water. The organic layer was separated, washed with saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure, and the residue was purified by silica gel column chromatography (ethyl acetate : heptane = 1 : 4) to obtain 
the title compound (1 .06 g, 1 8%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.90-4.04 (4H,m), 4.26 (2H, s), 5.67 (1 H, s), 7.23-7.37 (9H, m). 

[Manufacturing Example 205-1-2] 4-Benzylsulfanyl-benzaldehyde 

[1567] 




[1568] To a solution of 2-(4-benzylsulfanyl-phenyl)-[1,3]dioxolane (1.06 g, 3.89 mmol) described in Manufacturing 
Example 205-1-1 in methanol (5 mL) and tetrahydrofuran (5 mL) was added 1 N hydrochloric acid (4.16 mL), which was 
stirred for 30 minutes at room temperature. The mixture was cooled to 0°C and neutralized with a saturated sodium 
hydrogencarbonate aqueous solution, and then extracted with ethyl acetate. The organic layer was separated, washed 
with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure 
to obtain the title compound (840 mg). The title compound was used in the following reaction without any further purifi- 
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cation. 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 4.40 (2H, s), 7.26-7.28 (1 H,m), 7.31-7.35 (2H, m), 7.43-7.45 (2H, m), 7.51-7.53 
(2H, m), 7.79-7.81 (2H, m), 9.90 (1 H, s). 

[Manufacturing Example 205-1-3] 1-Benzylsulfanyl-4-((£)-2-nitro-vinyl)-benzene 




[1 570] A mixture of 4-benzylsulfanyl-benzaldehyde (840 mg 3.68 mmol) described in Manufacturing Example 205-1 -2, 
nitromethane (997 |xL, 1 8.4 mmol), ammonium acetate (567 mg. 7.36 mmol), and acetic acid (10 mL) was stirred for 2 
hours at 100°C. This mixture was cooled to room temperature and concentrated under reduced pressure. The residue 
was partitioned into ethyl acetate and water. The organic layer was separated, washed with water and saturated aqueous 
sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced 
pressure to obtain the title compound (950 mg). The title compound was used in the following reaction without any further 
purification. 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.37 (2H, s), 7.23-7.34 (3H, m), 7.40-7.45 (4H, m), 7.76-7.81 (2H, m), 8.08 (1 
H, d, J = 14 Hz), 8.20 (1 H, d, J = 14 Hz). 

[Manufacturing Example 205-1-4] 1-Benzylsulfanyl-4-(2-nitro-ethyl)-benzene 
[1571] 




[1572] To a solution of 1-benzylsulfanyl-4-((£)-2-nitro-vinyl)-benzene (950 mg, 3.5 mmol) described in Manufacturing 
Example 205-1-3 in acetic acid (0.6 mL) and dimethyl sulfoxide (10 mL) was added sodium borohydride (212 mg, 5.6 
mmol) while the internal temperature was held at 30°C or lower, which was stirred for 30 minutes at room temperature. 
The mixture was cooled with ice water, water was added, which was stirred for another 30 minutes. This mixture was 
partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 
(936 mg). The title compound was used in the following reaction without any further purification. 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.15-3.18 (2H, m), 4.21 (2H, s), 4.80-4.83 (2H, m), 7.18-7.35 (9H, m). 

[Manufacturing Example 205-1-5] (4-Benzylphenylsulfanyl-phenyl) acetohydroximoyl chloride 

[1573] 




[1574] To a methanol solution (12 mL) of 1-benzylsulfanyl-4-(2-nitro-ethyl)-benzene (936 mg, 3.42 mmol) described 
in Manufacturing Example 205-1 -4 was added lithium methoxide (260 mg, 6.84 mmol), which was stirred for 1 0 minutes 
at room temperature. The mixture was concentrated under a reduced pressure, water in the residue was azeotropically 
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distilled with toluene, and that residue was diluted with methylene chloride (16 mL) and tetrahydrofuran (8 mL). The 
system was cooled to - 78°C, after which titanium (IV) tetrachloride (825 n,L, 7.52 mmol) was added dropwise to this 
suspension. The mixture was stirred for 1 hour at 0°C. This mixture was cooled to -78°C and partitioned into ethyl acetate 
and water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 
(1 .01 g). The title compound was used in the following reaction without any further purification. 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.77 (2H, s), 4.23 (2H, s), 7.16-7.38 (9H, m), 11.7 (1 H, s). 

[Example 206] 3-(3-(4-Phenylsulfanylmethyl-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[1576] To a tetrahydrofuran (3 mL) solution of 3-ethynyl-pyridin-2-ylamine (50 mg, 0.423 mmol) described in Manu- 
facturing Example 1 -2-3 and (4-phenylsulfanylmethyl-phenyl) acetohydroximoyl chloride (1 97 mg, 0.677 mmol) described 
in Manufacturing Example 206-1 -6 was added triethylamine (147 |xL, 1.06 mmol), which was stirred for 18 hours at room 
temperature. The mixture was cooled to room temperature and partitioned into ethyl acetate and water. The organic 
layer was separated, washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was con- 
centrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography (ethyl acetate : 
heptane = 1 : 4 to 1 : 2) to obtain the title compound (41 mg, 26%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.03 (2H, s), 4.1 1 (2H, s), 5.42 (2H, brs), 6.23 (1 H, s), 6.69-6.73 (1 H, m), 7.1 6-7.35 
(9H, m), 7.69-7.71 (1 H, m), 8.13-8.15 (1 H, m). 

[1577] The starting material, (4-phenylsulfanylmethy!-phenyl) acetohydroximoyl chloride, was synthesized as follows. 
[Manufacturing Example 206-1-1] 4-Phenylsulfanylmethyl-benzoic acid 



[1579] A mixture of 4-(bromomethyl)benzoic acid (10 g, 46.5 mmol), sodium thiophenoxide (6.15 g, 46.5 mmol), and 
ethanol (100 mL) was stirred for 1.5 hours under reflux. This mixture was cooled to room temperature and acidified with 
1 N hydrochloric acid. The precipitate thus produced was collected, dissolved in ethyl acetate, and washed with water. 
The organic layer was concentrated under a reduced pressure to obtain the title compound (10 g). The title compound 
was used in the following reaction without any further purification. 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 4.31 (2H, s), 7.16-7.20 (1H, m), 7.26-7.34 (4H, m), 7.45-7.47 (2H, m), 7.84-7.86 
(2H,m), 12.9(1 H.brs). 

[Manufacturing Example 206-1-2] (4-Phenylsulfanylmethyl-phenyl)-methanol 



[1575] 




'N NHj 



[1578] 




[1580] 
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[1 581 ] To asuspension of lithium aluminum hydride (1 .95 g, 51 .3 mmol) in tetrahydrofuran (50 mL) was added dropwise 
a tetrahydrofuran solution of 4-phenylsulfanylmethyl-benzoicacid (5g, 20.5 mmol) described in Manufacturing Example 
206-1 -1 , which was stirred for 30 minutes at room temperature. This mixture was cooled with ice water, and water was 
carefully added. The mixture was filtered through a Celite bed, and the filtrate was combined. The organic layer was 
separated, washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
under a reduced pressure to obtain the title compound (2.01 g). The title compound was used in the following reaction 
without any further purification. 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 4.22 (2H, s), 4.45 (2H, d, J = 5.6 Hz), 5.13 (1 H, t, J = 5.6 Hz), 7.16-7.34 (9H, m). 

[Manufacturing Example 206-1-3] 4-Phenylsulfanylmethyl-benzaldehyde 

[1582] 




[1583] To a chloroform (10 mL) solution of (4-phenylsulfanylmethyl-phenyl)-methanol (1 g, 4.34 mmol) described in 
Manufacturing Example 206-1-2 was added manganese dioxide (3.77 g, 43.4 mmol), which was stirred for 15 hours at 
room temperature. The manganese dioxide was removed with a Celite bed, and the filtrate was concentrated under a 
reduced pressure to obtain the title compound (990 mg). The title compound was used in the following reaction without 
any further purification. 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 4.34 (2H, s), 7.16-7.20 (1 H, m), 7.27-7.35 (4H, m), 7.56 (2H, d, J = 8.0 Hz), 
7.83 (2H,d, J = 8.0 Hz), 9.95(1 H, s). 

[Manufacturing Example 206-1-4] 1 -((£)-2-Nitro-vinyl)-4-phenylsulfanylmethyl)-benzene 
[1584] 




o 



[1585] A mixture of 4-phenylsulfanylmethyl-benzaldehyde (990 mg, 4.34 mmol) described in Manufacturing Example 
206-1-3, nitromethane (1.18 mL, 21.7 mmol), ammonium acetate (669 mg, 8.68 mmol), and acetic acid (5 mL) was 
stirred for 6 hours at 1 00°C. This mixture was cooled to room temperature and partitioned into ethyl acetate and water. 
The organic layer was separated, washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate 
was concentrated under a reduced pressure to obtain the title compound (1.15 g). The title compound was used in the 
following reaction without any further purification. 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 4.29 (2H, s), 7.16-7.20 (1H, m), 7.27-7.35 (4H, m), 7.44 (2H, d, J = 6.8 Hz), 
7.77 (2H, d, J = 6.8 Hz), 8.08 (1H, d, J = 13.6 Hz), 8.1 8(1 H, d, J = 13.6 Hz). 

[Manufacturing Example 206-1-5] 1-(2-Nitro-ethyl)-4-phenylsulfanylmethyl-benzene 

[1586] 




0 



[1587] To a solution of 1-((£)-2-nitro-vinyl)-4-phenylsulfanylmethyl)-benzene (1.15 g, 4.24 mmol) described in Man- 
ufacturing Example 206-1 -4 in acetic acid (0.6 mL) and dimethyl sulfoxide (1 0 mL) was added sodium borohydride (257 
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mg, 6.78 mmol), which was stirred for 30 minutes at room temperature. The mixture was cooled with ice water and 
partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 
(1 .15 g). The title compound was used in the following reaction without any further purification. 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 3.17-3.20 (2H, m), 4.21 (2H, s), 4.80-4.84 (2H, m), 7.15-7.20 (3H, m), 7.27-7.33 
(6H, m). 

[Manufacturing Example 206-1-6] (4-Phenylsulfanylmethyl-phenyl) acetohydroximoyl chloride 
[1588] 




[1 589] To a methanol solution (12 mL) of 1 -(2-nitro-ethyl)-4-phenylsulfanylmethylbenzene (1 . 1 g, 4.03 mmol) described 
in Manufacturing Example 206-1 -5 was added lithium methoxide (306 mg, 8.06 mmol), which was stirred for 1 0 minutes 
at room temperature. The mixture was concentrated under a reduced pressure, water in the residue was azeotropically 
distilled with toluene, and that residue was diluted with methylene chloride (16 mL) and tetrahydrofuran (8 mL). The 
system was cooled to - 78°C, after which titanium (IV) tetrachloride (972 |xL, 8.87 mmol) was added dropwise to this 
suspension. The mixture was stirred for 1 hour at 0°C. This mixture was cooled to -78°C and partitioned into ethyl acetate 
and water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 
(1.15 g). The title compound was used in the following reaction without any further purification. 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.78 (2H, s), 4.23 (2H, s), 7.15-7.19 (3H, m), 7.27-7.34 (6H, m), 11.7 (1H, s). 

[Example 207] 3-(3-(4-bromo-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 

[1590] 




[1591] To a tetrahydrofuran (3 mL) solution of 3-ethynyl-pyridin-2-ylamine (50 mg, 0.423 mmol) described in Manu- 
facturing Example 1 -2-3 and 4-bromophenyl acetohydroximoyl chloride (1 68 mg, 0.677 mmol) described in Manufacturing 
Example 207-1-3 was added triethylamine (147 |j.L, 1.06 mmol), which was stirred for 15 hours at room temperature. 
The mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed with water, dried 
over an hydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue 
was purified by NH silica gel column chromatography (ethyl acetate : heptane = 1 : 4to 1 : 2) to obtain the title compound 
(33 mg, 24%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 4.02 (2H, s), 5.42 (2H, brs), 6.24 (1 H, s), 6.70-6.74 (1 H, m), 7.16-7.18 (2H, m), 
7.44-7.48 (2H, m), 7.70-7.72 (1 H, m), 8.14-8.16(1 H, m). 

[1592] The starting material, 4-bromophenyl acetohydroximoyl chloride, was synthesized as follows. 
[Manufacturing Example 207-1-1] 1-Bromo-4-((E)-2-nitro-vinyl)-benzene 
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0 



[1594] A mixture of 4-bromobenzaldehyde (1 6.8 g, 91 mmol), nitromethane (24.6 mL, 455mmol), ammonium acetate 
(1 4 g, 182 mmol), and acetic acid (160ml_) was stirred for 4 hours at 100°C. This mixture was cooled to room temperature 
and poured into water. The precipitate thus produced was collected, washed with water, and dried under a reduced 
pressure to obtain the title compound (1 7.4 g). The title compound was used in the following reaction without any further 
purification. 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 7.71 (2H, d, J = 8.4 Hz), 7.82 (2H, d, J = 8.4 Hz), 8.1 3(1 H, d, J = 1 3.6 Hz), 8.27 
(1 H, d, J = 13.6 Hz). 

[Manufacturing Example 207-1-2] 1-Bromo-4-(2-nitro-ethyl)-benzene 
[1595] 




O 



[1596] To a solution of 1-bromo-4-((£)-2-nitro-vinyl)-benzene (1 g, 4.37 mmol) described in Manufacturing Example 
207-1-1 in acetic acid (0.6 mL) and dimethyl sulfoxide (10 mL) was added sodium borohydride (265 mg, 6.99 mmol), 
which was stirred for 30 minutes at room temperature. The mixture was cooled with ice water and partitioned into ethyl 
acetate and water. The organic layer was separated, washed with water, dried over anhydrous magnesium sulfate, and 
filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound (948 mg). The title compound 
was used in the following reaction without any further purification. 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.20 (2H, t, J = 6.8 Hz), 4.85 (2H, t, J = 6.8 Hz), 7.25 (2H, d, J = 8.2 Hz), 7.51 
(2H, d, J = 8.2 Hz). 

[Manufacturing Example 207-1-3] 4-Bromophenyl acetohydroximoyl chloride 
[1597] 




[1598] To a methanol solution (12 mL) of 1-bromo-4-(2-nitro-ethyl)-benzene (948 mg, 4.12 mmol) described in Man- 
ufacturing Example 207-1-2 was added lithium methoxide (313 mg, 8.24 mmol), which was stirred for 10 minutes at 
room temperature. The mixture was concentrated under a reduced pressure, water in the residue was azeotropically 
distilled with toluene, and that residue was diluted with methylene chloride (16 mL) and tetrahydrofuran (8 mL). The 
system was cooled to - 78°C, after which titanium (IV) tetrachloride (994 jil, 9.06 mmol) was added dropwise to this 
suspension. The mixture was stirred for 1 hour at 0°C. This mixture was cooled to -78°C and partitioned into ethyl acetate 
and water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 
(990 mg). The title compound was used in the following reaction without any further purification. 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.82 (2H, s), 7.23(2H, d, J = 8.4 Hz), 7.54 (2H, d, J = 8.4 Hz), 1 1 .8 (1 H, s). 
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[Example 208] 3-(3-(5-(4-Fluoro-benzyl)-furan-2-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[1599] 




[1600] To a tetrahydrofuran (3 ml_) solution of 3-ethynyl-pyridin-2-ylamine (50 mg, 0.423 mmol) described in Manu- 
facturing Example 1-2-3 and (5-(4-fluorobenzyl)-furan-2-yl) acetohydroximoyl chloride (181 mg, 0.677 mmol) described 
in Manufacturing Example 208-1 -5 was added triethylamine (147 |aL, 1 .06 mmol), which was stirred for 1 9 hours at room 
temperature. The mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed with 
water, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, 
and the residue was purified by NH silica gel column chromatography (ethyl acetate : heptane = 1 : 4 to 1 : 2) to obtain 
the title compound (9 mg, 6%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.91 (2H, s), 4.04 (2H, s), 5.39 (2H, brs), 5.93 (1 H, d, J = 3.0 Hz), 6.07 (1 H, d, J 
= 3.0 Hz), 6.30(1 H, s), 6.72-6.75 (1 H, m), 6.96-7.01 (2H, m), 7.17-7.21 (2H, m), 7.66-7.68 (1 H, m), 8.15-8.17 (1 H, m). 
[1601] The starting material, (5-(4-fluorobenzyl)-furan-2-yl) acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 208-1-1] 2-(5-(4-Fluoro-benzyl)-furan-2-yl)-[1,3]dioxolane 



[1603] To a tetrahydrofuran (50 mL) solution of 2-(1 ,3-dioxolan-2-yl-furan (5 g, 35.7 mmol) was added n-butyl lithium 
(1 5. 6 mL, 2.64 M hexane solution, 41.1 mmol) at -78°C, which was stirred fori hour at thattemperature. A tetrahydrofuran 
solution of 4-fluorobenzyl bromide (6.9 g, 36.5 mmol) was added dropwise to this mixture, which was stirred for another 
hour at -78°C. The mixture was raised to room temperature and partitioned into ethyl acetate and a saturated ammonium 
chloride aqueous solution. The organic layer was separated, washed with saturated aqueous sodium chloride, dried 
over an hydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and the residue 
was purified by silica gel column chromatography (ethyl acetate : heptane =1 : 1 0 to 1 : 3) to obtain the title compound 
(4.5 g, 51%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.86-3.90 (2H, m), 3.96-4.00 (4H, m), 5.78 (1 H, s), 6.07 (1 H, d, J = 3.0 Hz), 
6.42 (1 H, d, J = 3.0 Hz), 7.12-7.1 6 (2H, m), 7.25-7.29 (2H, m). 

[Example 208-1-2] 5-(4-Fluoro-benzyl)-furan-2-carbaldehyde 



[1605] To a methanol (45 mL) solution of 2-(5-(4-fluoro-benzyl)-furan-2-yl)-[1,3]dioxolane (4.51 g, 18.2 mmol) de- 
scribed in Manufacturing Example 208-1-1 was added a solution (45 mL) of citric acid (12.2 g, 63.7 mmol), which was 
vigorously stirred for 1 hour at room temperature. This mixture was partitioned into ethyl acetate and water. The organic 
layer was separated, washed with a saturated sodium hydrogencarbonate aqueous solution, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 
(4.51 g, 51 %). The title compound was used in the following reaction without any further purification. 



[1602] 




[1604] 
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1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 4.1 1 (2H, s), 6.47-6.48 (1H, m), 7.15-7.19 (2H, m), 7.30-7.34 (2H, m), 7.47-7.48 
(1 H, m), 9.49 (1 H, s). 

[Manufacturing Example 208-1-3] 2-(4-Fluoro-benzyl)-5-((£)-2-nitro-vinyl)-furan 
[1606] 




[1607] A mixture of 5-(4-fluoro-benzyl)-furan-2-carbaldehyde (1 g, 4. 89 mmol) described in Manufacturing Example 
208-1-2, nitre-methane (1.32 mL, 24.5 mmol), ammonium acetate (754 mg, 9.78 mmol), and acetic acid (10 mL) was 
stirred for 3 hours at 1 00°C. This mixture was cooled to room temperature and partitioned into ethyl acetate and water. 
The organic layer was separated, washed with water, dried over anhydrous magnesium sulfate, and filtered. The filtrate 
was concentrated under a reduced pressure to obtain the title compound (1 .21 g). The title compound was used in the 
following reaction without any further purification. 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.08 (2H, s), 6.42 (1 H, d, J = 3.4 Hz), 7.08-7.19 (2H, m), 7.22 (1 H, d, J = 3.4 
Hz), 7.29-7.37 (2H, m), 7.64 (1 H, d, J = 13.2 Hz), 7.96 (1H, d, J = 13.2 Hz). 

[Manufacturing Example 208-1-4] 2-(4-Fluoro-benzyl)-5-(2-nitro-ethyl)-furan 

[1608] 




[1609] To a solution of 2-(4-fluoro-benzyl)-5-((£)-2-nitro-vinyl)-furan (1.21 g, 4.89 mmol) described in Manufacturing 
Example 208-1-3 in acetic acid (0.6 mL) and dimethyl sulfoxide (10 mL) was added sodium borohydride (296 mg, 7.82 
mmol), which was stirred for 30 minutes at room temperature. The mixture was cooled with ice water and partitioned 
into ethyl acetate and water. The organic layer was separated, washed with water, dried over anhydrous magnesium 
sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound (1.14 g). The 
title compound was used in the following reaction without any further purification. 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.20-3.24 (2H, m), 3.91 (2H, s), 4.77-4.80 (2H, m), 6.00 (1 H, d, J = 3.0 Hz), 
6.10 (1 H, d, J = 3.0 Hz), 7.08-7.15 (2H, m), 7.23-7.28 (2H, m). 

[Manufacturing Example 208-1-5] (5-(4-Fluoro-benzyl)-furan-2-yl) acetohydroximoyl chloride 
[1610] 




[1611] To a methanol solution (12 mL) of 2-(4-fluoro-benzyl)-5-(2-nitro-ethyl)-furan (1 .14 g, 4.57 mmol) described in 
Manufacturing Example 208-1-4 was added lithium methoxide (347 mg, 9.14 mmol), which was stirred for 10 minutes 
at room temperature. The mixture was concentrated under a reduced pressure, water in the residue was azeotropically 
distilled with toluene, and that residue was diluted with methylene chloride (16 mL) and tetrahydrofuran (8 mL). The 
system was cooled to - 78°C, after which titanium (IV) tetrachloride (1.1 mL, 10.1 mmol) was added dropwise to this 
suspension. The mixture was stirred for 1 hour at 0°C. This mixture was cooled to -78°C and partitioned into ethyl acetate 
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and water. The organic layer was separated, washed with saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound 
(940 mg). The title compound was used in the following reaction without any further purification. 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.82 (2H, s), 3.93 (2H, s), 6.03 (1H, d, J = 3.0 Hz), 6.20 (1 H, d, J = 3.0 Hz), 
7.11-7.15 (2H, m), 7.23-7.27 (2H, m), 11. 8 (1 H, s). 

[Example 209] 3-(3-(4-(Pyridin-2-yloxy)-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine 
[1612] 




[1613] To atetrahydrofuran (5 mL) solution of 3-ethynyl-pyridin-2-ylamine (45 mg, 0.38 mmol) described in Manufac- 
turing Example 1-2-3 and (4-(pyridin-2-yloxy)benzene)-acetohydroximoyl chloride (200 mg, 0.76 mmol) described in 
Manufacturing Example 209-1 -4 was added triethylamine (139 mg, 1 .4 mmol), which was stirred for 1 0 minutes at 60°C. 
The reaction solution was cooled to room temperature, NH silica gel was added, and the solvent was evaporated under 
a reduced pressure. The crude product that had adsorbed to the NH silica gel was purified by NH silica gel column 
chromatography (heptane : ethyl acetate = 2 : 1 , 1 : 1 ) to obtain the title compound (40 mg, 30%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.05 (2H, s), 6.28 (2H, brs), 6.68-6.72 (1 H, m), 6.87 (1 H, s), 7.00-7.03 (1 H, 
m),7.06-7.14(3H,m),7.37(2H,d,J = 8.4Hz),7.81-87(1 H, m), 7.87-7.91 (1 H, m), 8.08-8.1 1 (1 H, m), 8.1 1-8.14 (1 H,m). 
[1614] The starting material, (4-(pyridin-2-yloxy)benzene)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 209-1-1] 4-(Pyridin-2-yloxy)-benzaldehyde 

[1615] 




[1 61 6] To an N,N-dimethylformamide solution (1 00 mL) of 4-hydroxybenzaldehyde (1 0 g, 82 mmol) and 2-fluoropyridine 
(8.0 g, 82 mmol) was added sodium hydride (3.3 g, 82 mmol, 60% in oil), which was stirred for 30 minutes at 120°C, 
then for 45 minutes at 1 40°C, and then for 2 hours at 1 60°C. The mixture was cooled to room temperature and partitioned 
into ethyl acetate and water. The organic layer was separated, washed with water (three times), and filtered. The filtrate 
was concentrated under a reduced pressure, and the residue was purified by silica gel column chromatography (heptane : 
ethyl acetate = 4 : 1) to obtain the title compound (9.3 g, 57%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 7.15-7.20 (1H, m), 7.20-7.25 (1H, m), 7.33 (2H, d, J = 8.0 Hz), 7.40-8.00 (3H, 
m), 8.20-8.24 (1 H, m), 9.98 (1 H, s). 

[Manufacturing Example 209-1-2] 2-(4-((£)-2-Nitro-vinyl)-phenoxy)-pyridine 
[1617] 
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[1618] A mixture of 4-(pyridin-2-yloxy)-benzaldehyde (9.3 g, 47 mmol) described in Manufacturing Example 209-1-1, 
nitromethane (14 g, 230 mmol), ammonium acetate (11 g, 140 mmol), and acetic acid (50 mL) was stirred for 1 hour 
10 and 30 minutes at 100°C. This mixture was cooled to room temperature, and water was added to precipitate a solid. 
The solid was filtered to obtain the title compound (9.9 g, 87%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 7.11-7.14 (1H, m), 7.18-7.25 (3H, m), 7.89-7.94 (3H, m), 8.13-8.24 (3H, m). 
[Manufacturing Example 209-1-3] 2-(4-(2-Nitro-ethyl)-phenoxy)-pyridine 

15 

[1619] 



20 




25 [1620] To a solution of 2-(4-((E)-2-nitro-vinyl)-phenoxy)-pyridine (9.9 g, 41 mmol) described in Manufacturing Example 
209-1 -2, acetic acid (2.5 g) and dimethyl sulfoxide (60 mL) was added sodium borohydride (770 mg, 20 mmol) while the 
temperature was held at 30°C or lower, which was stirred for 15 minutes at room temperature. This reaction solution 
was partitioned into ethyl acetate and water while the temperature was held at 30°C or lower. The organic layer was 
separated and concentrated under reduced pressure. The residue was purified by NH silica gel column chromatography 

30 (heptane : ethyl acetate = 3:1 ) to obtain the title compound (4.5 g, 45%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.24 (2H, t, J =7.2 Hz), 4.87 (2H, t, J = 7.2 Hz), 6.99 -7.20 (1 H, m), 7.07 (2H, 
d, J = 8.0 Hz), 7.09-7.14 (1 H, m), 7.31 (2H, d, J = 8.0 Hz), 7.81-7.86 (1 H, m), 8.12-8.16 (1H, m). 

[Manufacturing Example 209-1-4] (4-(Pyridin-2-yloxy)benzene)-acetohydroximoyl chloride . 

35 

[1621] 




[1622] To a methanol solution (30 mL) of 2-(4-(2-nitro-ethyl)-phenoxy)-pyridine (2.0 g, 8.2 mmol) described in Manu- 
45 facturing Example 209-1-3 was added lithium methoxide (470 mg, 12 mmol), and this mixture was concentrated under 
a reduced pressure. Toluene was added to the residue, and the solvent was evaporated under a reduced pressure. To 
a solution of this residue in methylene chloride (40 mL) and tetrahydrofuran (20 mL) was added titanium (IV) tetrachloride 
(2.3 mL, 21 mmol) while stirring at -76°C. This suspension was stirred for 15 minutes at 0°C, and then for another 20 
minutes at room temperature. The mixture was poured into ice water and stirred for 30 minutes. Ethyl acetate was added, 
so and the organic layer was separated, washed with aqueous sodium chloride (onetime), dried over anhydrous magnesium 
sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound (2.1 g, 98%). 
1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 3.84 (2H, s), 7.01-7.05 (1H, m), 7.07-7.15 (3H, m), 7.29 (2H, d, J = 8.0 Hz), 
7.82-7.88 (1H,m), 8.13-8.16 (1 H, m), 11.75(1H,s). 

55 [Example 21 0] 3-(3-(6-Benzyl-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamine 



[1623] 
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[1624] A mixture of 3-ethynyl-pyridin-2-ylamine (30 mg, 0.25 mmol) described in Manufacturing Example 1-2-3, 2-(6- 
benzyl-pyridin-3-yl)-acetohydroximoyl chloride (88 mg, 0.34 mmol) described in Manufacturing Example 210-1-7, tri- 
ethylamine (77 mg, 0.76 mmol), and tetrahydrofuran (5 ml_) was stirred for 25 minutes at 50°C. This reaction solution 
was partitioned into ethyl acetate and water. The organic layer was separated and concentrated under a reduced 
is pressure. The residue was purified by NH silica gel column chromatography (heptane : ethyl acetate = 2:1,1 : 1 , ethyl 
acetate) to obtain the title compound (4.6 mg, 5.3%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 4.03 (2H, s), 4.06 (2H, s), 6.26 (2H, brs), 6.69 (1 H, dd, J = 4.8, 7.6 Hz), 6.84 
(1 H, s), 7.15-7.22 (1 H, m), 7.22-7.30 (5H, m), 7.65 (1 H, dd, J = 2.0, 8.0 Hz), 7.86 (1 H, dd, J = 2.0, 8.0 Hz), 8.08 (1 
H, dd, J = 2.4, 4.8 Hz), 8.48 (1 H, d, J = 2.4 Hz). 
20 [1625] The starting material, (6-benzyl-pyridin-3-yl)-acetohydroximoyl chloride, was synthesized as follows. 

[Manufacturing Example 210-1-1] 6-Bromo-pyridine-3-carbaldehyde 

[1626] 

25 



30 




35 [1627] To a diethyl ether (500 mL) solution of 2,5-dibromopyridine (25 g, 1 10 mmol) was added dropwise n-butyl 
lithium (2.67 M n-hexane solution, 45 mL, 120 mmol) at -76°C, which was stirred for 25 minutes. To this solution was 
added dropwise N,N-dimethylformamide (9.0 mL, 120 mmol) at -76°C. Upon completion of this addition, the reaction 
solution was gradually cooled to room temperature. This mixture was partitioned into ethyl acetate and water. The organic 
layer was separated and concentrated under a reduced pressure. The residue was purified by silica gel column chro- 

40 matography (heptane : ethyl acetate = 8 : 1) to obtain the title compound (8.0 g, 41%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 7.89-7.92 (1H, m), 8.15-8.19 (1H, m), 8.89-8.92 (1 H, m), 10.09 (1 H, s). 

[Manufacturing Example 210-1-2] 2-Bromo-5-[1 ,3]dioxolan-2-yl-pyridine 

45 [1628] 



50 




55 [1629] A mixture of 6-bromo-pyridine-3-carbaldehyde (8.0 g, 43 mmol) described in Manufacturing Example 21 0-1-1, 
ethylene glycol (5.3 g, 86 mmol), p-toluenesulfonic acid (820 mg, 4.3 mmol), and toluene (110 mL) was stirred for 40 
minutes under reflux. (The water produced in this reaction was removed with a Dean-Stark trap.) The reaction solution 
was concentrated under a reduced pressure, and the residue was partitioned into ethyl acetate and water. The organic 
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layer was separated and passed through a glass filter provided with NH silica gel (eluted with ethyl acetate). The eluate 
was concentrated under a reduced pressure, and the residue was purified by silica gel column chromatography (heptane : 
ethyl acetate = 8:1) to obtain the title compound (5.8 g, 59%). 

1 H-NMRSpectrum(DMSO-d 6 )S(ppm):3.93-4.11 (4H,m), 5.84(1 H,s), 7.68-7.72(1 H, m), 7.77-7.82 (1 H, m), 8.44-8.47 
(1H,m). 

[Manufacturing Example 210-1-3] 2-Benzyl-5-[1 ,3]dioxolan-2-yl-pyridine 



[1631] To a suspension of zinc (5.0 g, 77mmol, highly reactive Rieke metal, 100 mLtetrahydrofuran suspension) and 
tetrahydrofuran (300 mL) was added dropwise benzyl bromide (7.9 mL, 66 mmol) at 0°C, which was stirred for 4 hours 
at the same temperature. To this suspension were added bis(triphenylphosphine) nickel (II) chloride (5.8 g, 8.8 mmol) 
and 2-bromo-5-[1,3]dioxolan-2-yl-pyridine (11 g, 49 mmol) described in Manufacturing Example 210-1-2, which was 
stirred for another2 hours at room temperature. The reaction solution was partitioned into ethyl acetate and an ammonium 
chloride aqueous solution. The organic layer was separated and concentrated under a reduced pressure. The residue 
was purified by silica gel column chromatography (heptane : ethyl acetate = 2:1,1 : 1 ) to obtain the title compound (7.3 
9. 62%). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 3.92-4.06 (4H, m), 4.10 (2H, s), 5.78 (1H, s), 7.1 6-7.22 (1 H, m), 7.25-7.32 (5H, 
m), 7.74 (1H, dd, J = 2.0, 8.0 Hz), 8.55 (1H, d, J = 2.0 Hz). 

[Manufacturing Example 210-1-4] 6-Benzyl-pyridine-3-carbaldehyde 



[1633] 2-Benzyl-5-[1,3]dioxolan-2-yl-pyridine (7.3 g, 30 mmol) described in Manufacturing Example 210-1-3 and 2 N 
hydrochloric acid (1 00 mL) were stirred for 1 5 minutes at 1 00°C. The reaction solution was cooled to room temperature 
and partitioned into ethyl acetate and a 5 N sodium hydroxide solution (40 mL). The organic layer was separated, dried 
over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure to obtain the 
title compound (4.7 g, 79%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 4.20 (2H, s), 7.18-7.25 (1H, m), 7.26-7.32 (4H, m), 7.50 (1 H, d, J = 8.0 Hz), 
8.16 (1 H, dd, J = 2.0, 8.0 Hz), 8.97-9. 01 (1 H, m), 10.06 (1 H, s). 

[Manufacturing Example 210-1-5] 2-Benzyl-5-((£)-2-nitro-vinyl)-pyridine 



[1630] 




[1632] 




[1634] 
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[1635] A mixture of 6-benzyl-pyridine-3-carbaldehyde (4.7 g, 24 mmol) described in Manufacturing Example 21 0-1 -4, 
nitromethane (7.3 g, 120 mmol), ammonium acetate (5.6 g, 72 mmol), and acetic acid (40 ml_) was stirred for 90 minutes 
at 1 00°C. The reaction solution was partitioned into ethyl acetate and water. The organic layer was washed with saturated 
aqueous sodium bicarbonate and concentrated under a reduced pressure. The residue was purified by silica gel column 
chromatography (heptane : ethyl acetate = 2 : 1) to obtain the title compound (1.2 g, 21 %). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 4.1 1 (2H, s), 7.14-7.21 (1 H, m), 7.23-7.29 (4H, m), 7.38 (1 H, d, J = 8.0 Hz), 
8.12 (1 H, d, J = 13.6 Hz), 8.18 (1 H, dd, J = 2.0, 8.0 Hz), 8.26 (1H, d, J = 13.6 Hz), 8.87 (1 H, d, J = 2.0 Hz). 

[Manufacturing Example 210-1-6] 2-Benzyl-5-(2-nitro-ethyl)-pyridine 



[1637] To a mixture of 2-benzyl-5-((E)-2-nitro-vinyl)-pyridine (1.2 g, 5.0 mmol) described in Manufacturing Example 
210-1-5, acetic acid (300 mg, 5.0 mmol), and dimethyl sulfoxide (10 mL) was added sodium borohydride (94 mg, 2.5 
mmol), which was stirred for 10 minutes at room temperature. The reaction solution was partitioned into ethyl acetate 
and water. The organic layer was separated and passed through a glass filter provided with NH silica gel (eluted with 
ethyl acetate). The eluate was concentrated under reduced pressure, and the residue was purified by silica gel column 
chromatography (heptane : ethyl acetate = 2: 1) to obtain the title compound (260 mg; 22%). 
1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 3.19 (2H, t, J = 6.8 Hz), 4.04 (2H, s), 4.86 (2H, t, J = 6.8 Hz), 7.16-7.30 (6H, 
m), 7.62 (1H, dd, J = 2.4, 8.0 Hz), 8.39 (1 H, d, J= 2.4 Hz). 

[Manufacturing Example 210-1-7] (6-Benzyl-pyridin-3-yl)-acetohydroximoyl chloride 



[1639] To 2-benzyl-5-(2-nitro-ethyl)-pyridine (260 mg, 1.1 mmol) described in Manufacturing Example 210-1-6 and 
methanol (5 mL) was added lithium methoxide (81 mg, 2.1 mmol), which was concentrated under a reduced pressure. 
Titanium(IV) tetrachloride (0.38 mL, 3.4 mmol) was added dropwise at -76°C to a suspension of the residue in methylene 
chloride (5 mL) and tetrahydrofuran (2.5 mL), which was stirredfor20 minutes at room temperature. This reaction solution 
was added to ice water and extracted with ethyl acetate. The aqueous layer was extracted with ethyl acetate again (four 
times). The organic layers were combined, washed with aqueous sodium chloride (one time), dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was concentrated under a reduced pressure, and tetrahydrofuran was added 
to the residue. The insolubles thus produced were filtered out. The filtrate was concentrated under a reduced pressure 
to obtain the title compound (1 80 mg, 63%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.83 (2H, s), 4.07 (2H, s), 7.17-7.22 (1 H, m), 7.25-7.30 (5H, m), 7.60 (1 H, dd, 
J = 2.0, 8.0 Hz), 8.39 (1 H, d, J = 2.0 Hz), 1 1 .77 (1 H, s). 



[1636] 




[1638] 
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[Example 21 1] 3-(3-(2-Fluoro-4-(pyridin-2-yloxymethyl)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1640] 




[1641] To a tetrahydrofuran (3 ml_) solution of 3-ethynyl-pyridine-2,6-diamine (43.2 mg, 0.325 mmol) described in 
Manufacturing Example 13-1-3 and (2-fluoro-4-(pyridin-2-yloxymethyl)-phenyl) acetohydroximoyl chloride (150 mg, 
0.509 mmol) described in Manufacturing Example 204-1-8 was added triethylamine (97.2 |xL, 0.697 mmol), which was 
stirred for 2 hours at room temperature. The mixture was partitioned into ethyl acetate and water. The organic layer was 
separated, washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and 
filtered. The filtrate was concentrated under a reduced pressure, and the residue was purified by NH silica gel column 
chromatography (ethyl acetate : heptane =1:1, then ethyl acetate) to obtain the title compound (73 mg, 37%). 
1 H-NMR Spectrum (CDCI 3 ) S (ppm) : 4.05 (2H, s), 4.49 (2H, brs), 5.26 (2H, brs), 5.37 (2H, s), 5.91-5.94 (1 H, m), 6.06 
(1 H, s), 6.81-6.83 (1 H, m), 6.89-6.92 (1 H, m), 7.18-7.29 (3H, m), 7.48-7.51 (1 H, m), 7.58-7.62(1H, m), 8.1 6-8.18(1 H, m). 

[Example 212] 3-(4-(5-(2,6-Diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenoxymethyl)-benzonitrile 



[1643] To a methanol (6.3 mL) solution of 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (100 mg, 0.36 
mmol) described in Manufacturing Example 18-1-1 was added a 2 N sodium hydroxide aqueous solution (180 (xL, 0.36 
mmol). This mixture was concentrated under a reduced pressure. N,N-dimethylformamide (1 .3 mL) and3-bromomethyl- 
benzonitrile (58 mg, 0:29 mmol) were added to the residue, which was stirred for 15 minutes at 60°C. This reaction 
solution was partitioned into ethyl acetate and water. The organic layer was separated and concentrated under reduced 
pressure. The residue was purified by NH silica gel column chromatography (heptane : ethyl acetate =1:2, then ethyl 
acetate) to obtain the title compound (24 mg, 17%). 

1 H-NMR Spectrum (DMSO-d 6 ) S (ppm): 3.88 (2H, s), 5.14 (2H, s), 5.79 (2H, brs), 5.82 (1 H, d, J = 8.4 Hz), 6.1 1 (2H, 
brs), 6.34 (1 H, s), 6.98 (2H, d, J = 8.4 Hz), 7.23 (2H, d, J = 8.4 Hz), 7.50 (1 H, d, J 8.4 Hz), 7.61 (1 H, dd, J = 8.0, 8.0 
Hz), 7.76-7.82 (2H,m), 7.91(1 H,s). 

[Example 213] 3-(4-(5-(2,6-Diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenoxymethyl)-benzoic acid methyl ester 



[1642] 



H 2 N N' 




-NH 2 



[1644] 
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[1645] The title compound (48 mg, 16%) was obtained according to the methods similar to those of Example 212, 
using 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (200 mg, 0.71 mmol) described in Manufacturing Ex- 
ample 18-1-1 and 3-bromomethyl-benzoic acid methyl ester (160 mg, 0.71 mmol). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.86 (3H, s), 3.88 (2H, s), 5.17 (2H, s), 5.79 (2H, brs), 5.82 (1 H, d, J = 8.4 Hz), 
6.1 1 (2H, brs), 6.34 (1 H, s), 6.97 (2H, d, J = 8.4 Hz), 7.22 (2H, d, J = 8.4 Hz), 7.50 (1 H, d, J = 8.4 Hz), 7.55 (1 H, dd, 
J = 8.0, 8.0 Hz), 7.71 (1 H, d, J = 8.0 Hz), 7.91 (1 H, d, J = 8.0 Hz), 8.03 (1 H, s). 

[Example 214] 3-(3-(4-(3-Ethynyl-benzyloxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1647] To a tetrahydrofuran (10 mL) solution of 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (150 mg, 
0,53 mmol) described in Manufacturing Example 18-1-1, (3-ethynyl-phenyl)-methanol (91 mg, 0.69 mmol) described in 
Manufacturing Example 21 4-1 -2, and triphenylphosphine (1 80 mg, 0.69 mmol) was added diethyl azodicarboxylate (300 
mg, 0.69 mmol, 40% toluene solution), which was stirred for 30 minutes at room temperature. NH silica gel was added 
to the reaction solution, and the solvent was evaporated under a reduced pressure. The crude product that had adsorbed 
to the NH silica gel was purified by NH silica gel column chromatography (heptane : ethyl acetate =2:1, then 1:1, then 
ethyl acetate) to obtain the title compound (1 1 0 mg, 51 %). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.88 (2H, s), 4.20 (1 H, s), 5.09 (2H, s), 5.79 (2H, brs), 5.82 (1 H, d, J = 8.4 Hz), 
6.10 (2H, brs), 6.34 (1 H, s), 6.96 (2H, d, J = 8.8 Hz), 7.22 (2H, d, J = 8.8 Hz), 7.38-7.54 (5H, m). 
[1648] The starting material, (3-ethynyl-phenyl)-methanol, was synthesized as follows. [Manufacturing Example 
21 4-1 -1 ] 1 -Bromo-3-methoxymethoxymethyl-benzene 



[1649] To a tetrahydrofuran (100 mL) solution of 3-bromobenzyl alcohol (10g, 54 mmol) was added sodium hydride 
(2.3 g, 98 mmol, 60% in oil) at room temperature. Then, chloromethyl methyl ether (5.2 g, 64 mmol) was added to this 
suspension, which was stirred for 15 minutes at 60°C. This mixture was partitioned into ethyl acetate and water. The 
organic layer was separated and concentrated under a reduced pressure. The residue was purified by silica gel column 
chromatography (heptane : ethyl acetate = 8 : 1 ) to obtain the title compound (1 0 g, 83%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.30 (3H, s), 4.53 (2H, s), 4.66 (2H, s), 7.30-7.38 (2H, m), 7.47-7.51 (1 H, m), 
7.54 (1 H, m). 



[1646] 



H, 
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[Manufacturing Example 214-1-2] (3-Ethynyl-phenyl)-methanol 



[1650] 



HO' 




[1651] To a mixture of 1-bromo-3-methoxymethoxymethyl-benzene (3.0 g, 13 mmol) described in Manufacturing Ex- 
ample 214-1-1, trimethylsilylacetylene (2.6 g, 26 mmol), N,N-diisopropylethylamine (3.4 g, 26 mmol), copper (I) iodide 
(500 mg, 2.6 mmol), and 1 -methyl-2-pyrrolidone (30 ml_) was added tetrakis(triphenylphosphine)palladium (0) (1 .5 g, 
1.3 mmol), which was stirred for 15 minutes at 60°C. This mixture was partitioned into ethyl acetate and water. The 
organic layer was separated and concentrated under a reduced pressure. The residue was purified by silica gel column 
chromatography (heptane : ethyl acetate = 8 : 1 ) to obtain a mixture of (3-methoxymethoxymethyl-phenylethynyl)-trime- 
thyl-silane and 1-bromo-3-methoxymethoxymethyl-benzene (3.0 g of mixture, including approximately 30% (3-meth- 
oxymethoxymethyl-phenylethynyl)-trimethyl-silane). Tetrabutylammonium fluoride (2 mL, 1 M tetrahydrofuran solution) 
was added to a tetrahydrofuran (20 mL) solution of this mixture, which was stirred for 15 minutes at room temperature. 
The reaction solution was partitioned into ethyl acetate and water. The organic layer was separated and concentrated 
under a reduced pressure. The residue was purified by silica gel column chromatography (heptane ; ethyl acetate = 20 : 
1) to obtain 1-ethynyl-3-methoxymethoxymethyl-benzene (470 mg). To a methanol (10 mL) solution of this 1 -ethynyl-3- 
methoxymethoxymethyl-benzene (470 mg, 2.6 mmol) was added 5 N hydrochloric acid, which was stirred for 25 minutes 
at 70°C. The reaction solution was partitioned into ethyl acetate and water. The organic layer was separated and 
concentrated under a reduced pressure to obtain the title compound (350 mg, 20%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.15 (1H, s), 4.49 (2H, d, J = 6.0 Hz), 5.25 (1H, t, J = 6.0 Hz), 7.31-7.35 (3H, 
m), 7.40-7.42 (1 H, m). 

[Example 21 5] 3-(3-(4-(6-Chloro-pyrazin-2-yloxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1653] To a methanol (1.5 mL) solution of 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (50 mg, 0.18 
mmol) described in Manufacturing Example 18-1-1 was added a 2 N sodium hydroxide solution (89 |jlL), which was 
concentrated under a reduced pressure. 2,6-Dichloropyrazine (28 mg, 0.19 mmol) and N,N-dimethylformamide (0.75 
mL) were added to the residue, which was stirred for 10 minutes at 100°C. The reaction solution was partitioned into 
ethyl acetate and water. The organic layer was separated and concentrated under a reduced pressure. The residue was 
purified by NH silica gel column chromatography (heptane : ethyl acetate = 1:1, then ethyl acetate) to obtain the title 
compound (47 mg, 67%). 

1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 4.01 (2H, s), 5.82 (2H, brs), 5.83 (1 H, d, J = 8.4 Hz), 6.12 (2H, brs), 6.44 (1 H, 
s), 7.21 (2H, d, J = 8.4 Hz), 7.40 (2H, d, J = 8.4 Hz), 7.53 (1 H, d, J = 8.4 Hz), 8.50 (1 H, s), 8.53 (1 H, s). 

[Example 21 6] 3-(3-(4-Benzylsulfanyl-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 



[1652] 



H 2 N N NH 2 




[1654] 
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[1655] To atetrahydrofuran (3mL) solution of 3-ethynyl-pyridine-2,6-diamine (50 mg, 0.376 mmol) described in Man- 
ufacturing Example 13-1-3 and (4-benzylphenylsulfanyl-phenyl) acetohydroximoyl chloride (176 mg, 0.602 mmol) de- 
scribed in Manufacturing Example 205-1-5 was added triethylamine (131 |xL, 0.94 mmol), which was stirred for 2 hours 
at room temperature. This mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed 
with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate 
was concentrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography 
(ethyl acetate : heptane = 1 : 1, then ethyl acetate) to obtain the title compound (80 mg, 55%). 
1 H-NMR Spectrum (CDCI 3 ) 5 (ppm) : 3.97 (2H, s), 4.10 (2H, s), 4.47 (2H, brs), 5.25 (2H, br s), 5.92 (1 H, d, J = 8.2 Hz), 
5.96 (1 H, s), 7.17 (2H, d, J = 8.8 Hz), 7.23-7.29 (7H, m), 7.47 (1 H, d, J = 8.2 Hz). 

[Example 21 7] 3-(3-(4-Phenylsulfanylmethyl-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 

[1656] 




[1657] To a tetrahydrofuran (3 ml_) solution of 3-ethynyl-pyridine-2,6-diamine (50 mg, 0.376 mmol) described in Man- 
ufacturing Example 13-1-3 and (4-phenylsulfanylmethyl-phenyl) acetohydroximoyl chloride (176 mg, 0.602 mmol) de- 
scribed in Manufacturing Example 206-1-6 was added triethylamine (131 (aL, 0.94 mmol), which was stirred for 2 hours 
at room temperature. This mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed 
with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate 
was concentrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography 
(ethyl acetate : heptane =1:1, then ethyl acetate) to obtain the title compound (98 mg, 67%). 

1 H-NMR Spectrum (CDCI 3 ) 5 (ppm): 3.98 (2H, s), 4.11 (2H, s), 4.46 (2H, brs), 5.25 (2H, brs), 5.92 (1 H, d, J = 8.4 Hz), 
5.97 (1 H, s), 7.18-7.32 (9H, m), 7.47 (1 H, d, J = 8.4 Hz). 

[Example 21 8] 3-(3-(4-(3-Methyl-2-but-2-enyloxy)-benzyl)-isoxazol-5-yl)-pyridin-2,6-diamine 
[1658] 




[1659] The title compound (15 mg, 23%) was obtained according to the methods similar to those of Example 212, 
using 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (50 mg, 0.18 mmol) described in Manufacturing Ex- 
ample 18-1-1 and 1-bromo-3-methyl-but-2-ene (32 mg, 0.21 mmol). 

1 H-NMR Spectrum (DMSO-d 6 ) 8 (ppm): 1.69 (3H, s), 1.73 (3H, s), 3.87 (2H, s), 4.48 (2H, d, J = 6.4 Hz), 5.41 (1H, t, J 
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= 6.4 Hz), 5.79 (2H, brs), 5.82 (1 H, d, J = 8.0 Hz), 6.10 (2H, brs), 6.34 (1 H, s), 6.86 (2H, d, J = 8.4 Hz), 7.19 (2H, d, J 
= 8.4 Hz), 7.50 (1H,d, J = 8.0 Hz). 

[Example 21 9] 3-(3-(4-Prop-2-ynyloxy-benzyl)-isoxazol-5-yl)-pyridine-2,6-diamine 
[1660] 




[1661] The title compound (38 mg, 66%) was obtained according to the methods similar to those of Example 212, 
using 4-(5-(2,6-diamino-pyridin-3-yl)-isoxazol-3-ylmethyl)-phenol (50 mg, 0.18 mmol) described in Manufacturing Ex- 
ample 18-1-1 and propargyl bromide (32 mg, 0.27 mmol). 

1 H - NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.54 (1 H, t, J = 2.0 Hz), 3.89 (2H, s), 4.76 (2H, d, J = 2.0 Hz), 5.79 (2H, brs), 
5.82(1 H,d,J = 8.4Hz),6.10(2H,brs),6.35(1 H,s),6.93 (2H,d, J = 8.8Hz),7.23(2H,d, J = 8.8 Hz), 7.51 (1 H,d, J = 8.4Hz). 

[Example 220] 3-(3-(4-Bromo-benzyl)-isoxazol-5-yl)-pyridine-2,6-diamine 

[1662] 




[1663] To atetrahydrofuran (3mL) solution of 3-ethynyl-pyridine-2,6-diamine (50 mg, 0.376 mmol) described in Man- 
ufacturing Example 13-1-3 and 4-bromophenyl acetohydroximoyl chloride (150 mg, 0.602 mmol) described in Manufac- 
turing Example 207-1 -3 was added triethylamine (131 n,L, 0.94 mmol), which was stirred for 2 hours at room temperature. 
This mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed with water and 
saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was concentrated 
under a reduced pressure, and the residue was purified by NH silica gel column chromatography (ethyl acetate : heptane 
= 1:1, then ethyl acetate) to obtain the title compound (85 mg, 66%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm) : 3.97 (2H, s), 4.48 (2H, brs), 5.26 (2H, brs), 5.92(1 H, d, J = 8.4 Hz), 5.97 (1 H, s), 
7.15-7.13 (2H, m), 7.44-7.46 (2H, m), 7.48 (1 H, d, J = 8.4 Hz). 

[Example 221 ] 3-(3-(5-(4-Fluoro-benzyl)-furan-2-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 
[1664] 
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[1665] To a tetrahydrofuran (3 ml_) solution of 3-ethynyl-pyridin-2,6-diamine (50 mg, 0.376 mmol) described in Man- 
ufacturing Example 13-1-3 and (5-(4-fluorobenzyl)-furan-2-yl) acetohydroximoyl chloride (1 61 mg, 0.602 mmol) described 
in Manufacturing Example 208-1 -5 was added triethylamine (131 |xL, 0.94 mmol), which was stirred for 1 9 hours at room 
temperature. This mixture was partitioned into ethyl acetate and water. The organic layer was separated, washed with 
water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and filtered. The filtrate was 
concentrated under a reduced pressure, and the residue was purified by NH silica gel column chromatography (ethyl 
acetate : heptane = 1:1, then ethyl acetate) to obtain the title compound (45 mg, 33%). 

1 H-NMR Spectrum (CDCI 3 ) S (ppm) : 3.91 (2H, s), 3.99 (2H, s), 4.49 (2H, brs), 5.25 (2H, brs), 5.92 (1 H, d, J = 2.8 Hz), 
5.95(1 H,d, J = 8.4 Hz), 6.04(1 H,s), 6.06(1 H, d, J = 2.8 Hz), 6.96-7.01 (2H, m), 7.17-7.21 (2H, m), 7.45(1 H, d, J = 8.4 Hz). 

[Example 222] 3-(3-(4-(Pyridin-2-yloxy)-benzyl)-isoxazol-5-y!)-pyridin-2,6-diamine 

[1666] 




[1667] To a tetrahydrofuran (15 mL) solution of 3-ethynyl-pyridin-2,6-diamine (45 mg, 0.34 mmol) described in Man- 
ufacturing Example 13-1-3 and (4-(pyridin-2-yloxy)benzene)-acetohydroximoyl chloride (300 mg, 1.1 mmol) described 
in Manufacturing Example 209-1-4 was added triethylamine (120 mg, 1.1 mmol), which was stirred for 10 minutes at 
60°C. The reaction solution was cooled to room temperature, NH silica gel was added, and the solvent was evaporated 
under a reduced pressure. The crude product that had adsorbed to the NH silica gel was purified by NH silica gel column 
chromatography (heptane : ethyl acetate =1:1, then ethyl acetate) to obtain the title compound (57 mg, 14%). 
1 H-NMR Spectrum (DMSO-d 6 ) 5 (ppm): 3.97 (2H, s), 5.82 (2H, brs), 5.84 (1H, d, J = 8.0 Hz), 6.1 1 (2H, brs), 6.42 (1H, 
s), 6.99-7.03 (1 H, m), 7.05-7.13 (3H, m), 7.34 (2H, d, J = 8.0 Hz), 7.53 (1 H, d, J = 8.0 Hz), 7.81-7.86 (1 H, m), 8.12-8.14 
(1 H, m). 

[Example 223] 3-(3-(6-Benzyl-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine 
[1668] 




[1669] To a tetrahydrofuran (5 mL) solution of 3-ethynyl-pyridin-2,6-diamine (20 mg, 0.15 mmol) described in Manu- 
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facturing Example 1 3-1 -3 and 2-(6-benzyl-pyridin-3-yl)-acetohydroximoyl chloride (79 mg, 0.30 mmol) described in Man- 
ufacturing Example 210-1-7 was added triethylamine (46 mg, 0.45 mmol), which was stirred for 30 minutes at 50°C. The 
reaction solution was cooled to room temperature and partitioned into ethyl acetate and water. The organic layer was 
separated and concentrated under a reduced pressure. The residue was purified by NH silica gel column chromatography 
(ethyl acetate, then ethyl acetate : methanol = 20 : 1) to obtain the title compound (43 mg, 80%). 
1 H-NMR Spectrum (DMSO-d 6 ) 6 (ppm): 3.95 (2H, s), 4.05 (2H, s), 5.80 (2H, brs), 5.82 (1H, d, J = 8.8 Hz), 6.1 1 (2H, 
brs), 6.40 (1 H, s), 7.15-7.30 (6H, m), 7.50 (1 H, d, J = 8.8 Hz), 7.62 (1 H, dd, J = 2.0, 8.0 Hz), 8.46 (1 H, d, J = 2.0 Hz). 

[Example 224] 3-(3-(6-Benzyloxy-pyridin-3-ylmethyl)-isoxazol-5-yl)-N 6 -methyl-pyridin-2,6-diamine 

[1670] 




[1671] To a mixture of 3-(3-(6-benzyloxy-pyridin-3-ylmethyi)-isoxazol-5-yl)-pyridine-2,6-diamine (50 mg, 0.13 mmol) 
described in Example 25 and N,N-dimethylformamide (0.5 mL) were added a formaldehyde aqueous solution (14 mg, 
0.17 mmol, content: 37%), cx-picoline-borane (17 mg, 0.16 mmol), and acetic acid (50 |xL) at room temperature, which 
was stirred overnight at the same temperature. A saturated sodium hydrogencarbonate aqueous solution was added to 
the reaction mixture, which was extracted with ethyl acetate. The organic layer was washed with saturated aqueous 
sodium chloride and dried over anhydrous magnesium sulfate, after which the organic layer was concentrated under a 
reduced pressure. The residue thus obtained was purified by reverse-phase high performance liquid chromatography 
(using an acetonitrile-water mobile phase containing 0.1 % trifluoroacetic acid) to obtain a crude product, and then 
purified by silica gel thin-layer chromatography (diethyl ether hexane = 2 : 1 ) to obtain the title compound (2.3 mg, 4.4%). 
1 H-NMR Spectrum (DMSO-d6) 5 (ppm): 2.76 (3H, d, J = 4.2 Hz), 3.91 (2H, s), 5.33 (2H, s), 5.83 (1 H, d, J = 8.4 Hz), 
5.87 (2H, brs), 6.40 (1 H, s), 6.68 (1 H, brs), 6.85 (1H, d, J = 8.6 Hz), 7.31-7.33 (1 H, m), 7.35-7.39 (2H, m), 7.42-7.44 
(2H, m), 7.52 (1 H, d, J = 8.6 Hz), 7.66 (1 H, dd, J = 2.1, 8.3 Hz), 8.14 (1 H, d, J = 2.6 Hz). 

[Example 225] 2-(6-Amino-5-(3-(6-benzyloxy-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamino)-ethanol 

[1672] 




[1673] To a mixture of 3-(3-(6-benzyloxy-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine (40 mg, 0.11 mmol) 
described in Example 25 and N,N-dimethylformamide (0.5 mL) were 2-hydroxyacetaldehyde (7.7 mg, 0.13 mmol), cx- 
picoline-borane (14 mg, 0.13 mmol), and acetic acid (40 pL) at room temperature, which was stirred for 100 minutes at 
the same temperature. A saturated sodium hydrogencarbonate aqueous solution was added to the reaction mixture, 
which was extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and 
dried over anhydrous magnesium sulfate, after which the organic layer was concentrated under a reduced pressure. 
The residue thus obtained was purified by reverse-phase high performance liquid chromatography (using an acetonitrile- 
water mobile phase containing 0.1 % trifluoroacetic acid) to obtain a crude product, and then purified by NH silica gel 
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column chromatography (ethyl acetate : methanol = 50 : 1) to obtain the title compound (4.5 mg, 10%). 
1H-NMR Spectrum (DMSO-d6) 3 (ppm): 3.31-3.34 (2H, m), 3.48-3.51 (2H, m), 3.91 (2H, s), 5.33 (2H, s), 5.86 (2H, br 
s), 5.89 (1 H, d, J = 8.6 Hz), 6.39 (1 H, s), 6.72 (1 H, brs), 6.85 (1 H, d, J = 8.4 Hz), 7.29-7.33 (1 H, m), 7.35-7.39 (2H, 
m), 7.42-7.44 (2H, m), 7.50 (1 H, d, J = 8.6 Hz), 7.66 (1 H, dd, J = 2.6, 8.6 Hz), 8.14 (1H, d, J = 2.0 Hz). 

[Example 226] N-(6-Amino-5-(3-(6-benzyloxy-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-yl)-2-methoxy-acetamide 

[1674] 




[1675] To a mixture of 3-(3-(6-benzyloxy-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridine-2,6-diamine (40 mg, 0.1 1 mmol) 
described in Example 25 and dichloromethane (1 mL) were added triethylamine (22 |xL, 0.1 6 mmol) and methoxyacetyl 
chloride (15 mg, 0.14 mmol) at room temperature, which was stirred for 2 hours at the same temperature. The solids 
that precipitated in the reaction mixture were filtered out. Tetrahydrofuran was added to the solid thus obtained, and this 
mixture was filtered. The filtrate was concentrated under a reduced pressure to obtain the title compound (3.4 mg, 7%). 
1 H-NMR Spectrum (DMSO-d 6 ) 6 (ppm): 3.37 (3H, m), 3.98 (2H, s), 4.05 (2H, s), 5.33.(2H, s), 6.23 (2H, br s), 6.73 (1 H, 
s), 6.86 (1 H, d, J = 8.4 Hz), 7.29-7.33 (1 H, m), 7.35-7.44 (5H, m), 7.68 (1H, dd, J = 2.6, 8.4 Hz), 7.91 (1 H, d, J = 8.4 
Hz), 8.1 6 (1 H, d, J = 2.4 Hz), 9.50 (1 H, br s). 

[Example 227] (6-Amino-5-(3-(6-benzyloxy-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2-ylamino)-acetic acid ethyl ester 
[1676] 




[1677] To a mixture of 3-(3-(6-benzyloxy-pyridin-3-ylmethyl)-isoxazol-5-yl)-pyridin-2,6-diamine (40 mg, 0.11 mmol) 
described in Example 25 and N,N-dimethylformamide (0.5 mL) were added glyoxylic acid ethyl ester polymer foam (16 
mg, 0.16 mmol), a-picoline-borane (14mg, 0.13 mmol), and acetic acid (40 |*1), which was stirred overnight at the same 
temperature. A saturated sodium hydrogencarbonate aqueous solution was added to the reaction mixture, which was 
extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over 
anhydrous magnesium sulfate, after which the organic layer was concentrated under a reduced pressure. The residue 
thus obtained was purified by reverse-phase high performance liquid chromatography (using an acetonitrile-water mobile 
phase containing 0.1 % trifluoroacetic acid) to obtain the title compound (4.9 mg, 8%) as a trifluoroacetic acid salt. 
MS m/e (ESI) 460.51 (MH+) 

[Example 228] (3-(3-(4-Benzyloxy-benzyl)-isoxazol-5-yl)-pyridin-2-yl)-dimethyl-amine 
[1678] 
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I 

[1679] To a mixture of 3-(3-(4-benzyloxy-benzyl)-isoxazol-5-yl)-pyridin-2-ylamine (50 mg, 0.14 mmol) described in 
Example 1 and N,N-dimethylformamide (0.5 mL) were added a formaldehyde aqueous solution (34 mg, 0.42 mmol, 
content: 37%), a-picoline-borane (37 mg, 0.35 mmol), and acetic acid (50 p.L), which was stirred overnight at the same 
temperature. Trifluoroacetic acid (50 |xL) was added to the reaction mixture, which was stirred for 30 minutes at room 
temperature. The solvent was evaporated under a reduced pressure, and the residue thus obtained was purified by 
reverse-phase high performance liquid chromatography (using an acetonitrile-water mobile phase containing 0.1 % 
trifluoroacetic acid) to obtain the title compound (15 mg, 21 %) as a trifluoroacetate. 
MS m/e (ESI) 386.30(MH + ) 

[1680] The compounds (I) of the present invention or salts thereof exhibits excellent inhibition activity on the GPI- 
anchored protein transport procees based on the inhibition of fungal GPI biosynthesis, anti-Candida activity and anti- 
Aspergillus activity, and are also superior in terms of its physical properties, safety and metabolic stability, making it 
extremely useful as a preventive or therapeutic agent for fungal infections. 

[Pharmacological test examples] 

[1681] In orderto demonstrate the usefulness of the compounds (I) of the present invention, the antifungal activity of 
the compounds (I) of the present invention was measured by measuring 1 ; anti-Candida and anti-Aspergillus activity 
and 2; activity in the experimental systemic candidal infection model in mice. 

1 . Anti-Cand/da activity and anti-Aspergillus activity 

(1) Preparation of fungal suspension 

[1682] For the C. albicans CAF2-1 strain, a fungal suspension from a standing culture for 48 hours at 30°C in a 
Sabouraud dextrose liquid culture medium (SDB) was diluted with RPM1 1640 medium to adjust a fungal suspension of 
1 .2 x 1 0 3 cells / mL. For the A. fumigatus Tsukuba strain, -80°C stored strain was diluted with RPMI 1 640 medium to 
adjust to a fungal suspension of 4.5 x 10 3 cells /mL. 

(2) Preparation of an agent dilution plate 

[1683] Using a U-bottomed 96 well plate, 8 samples / plate (A to H) of sample dilution solutions were prepared. On 
the 2 nd to 12 th rows were dispensed 10 nl of dimethyl sulfoxide solution. Weighted sample was dissolved in dimethyl 
sulfoxide to prepare a 2.5 mg / mL solution, 20 p,L of this solution was added to the first row of the prepared plate, and 
12 steps of two-foled step dilutions (10 jxL of solution + 10 ^L of dimethyl sulfoxide solution) were performed on the 
plate. This sample dilution solution was dispensed in the amount of 1 |j,L to a flat-bottomed 96 well plate for MIC 
measurement to prepare a sample dilution plate. 

(3) Inoculation of fungal suspension and culture 

[1684] The fungal suspension prepared in (1) was used in the amount of 99 pi/ well to inoculate the flat-bottomed 
96 well plate containing 1 |xL / well of the test compound dilution prepared in (2), and a standing culture was carried out 
aerobically for 42-48 hours at 35°C. 

(4) MIC measurement 

[1 685] The minimum concentration that clearly inhibited fungal growth as compared to the control by visual inspection 
was determined as the minimum inhibitory concentration (MIC). 

[1686] The following representative compounds prepared in the examples were measured for anti-Candida activity 
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and anti-Aspergillus activity by the measurement method described in 1 . As a result, as shown in Tables 1 to 6, it was 
found that the compounds according to the present invention clearly had anti-Candida and ^-Aspergillus activity. 

TABLE 1 



Ex. No. 


Anti- Candida 
Activity (ng/mL) 


Anti-Aspergillus 
Activity ((xg/mL) 


Ex. No. 


Anti-Candida 
Activity (ng/mL) 


Anti-Aspergillus 
Activity (|xg/mL) 


: 


0.20 


0.20 


21 


1.56 


0.78 


2 


0.05 


0.20 


22 


0.20 


0.39 


3 


0.10 


0.78 


23 


0.78 


1.56 


4 


0.20 


0.39 


24 


0.39 


0.78 


5 


0.39 


0.39 


25 


0.20 


0.20 


6 


0.39 


0.39 


26 


0.78 


0.78 


7 


1.56 


0.20 


27 


0.20 


0.39 


8 


1.56 


0.78 


28 


>25 


0.39 


9 


0.20 


0.39 


29 


0.39 


0.20 


10 


0.39 


0.78 


30 


0.10 


0.20 




0.10 


0.39 


31 


0.20 


0.39 


12 


0.10 


0.10 


32 


0.20 


0.78 


13 


0.20 


0.10 


33 


0.39 


0.78 




0.39 


0.39 


34 


0.78 


0.39 


15 


0.20 


0.39 


35 


0.20 


1.56 


16 


0.39 


0.39 


36 




0.78 


17 


0.78 


0.20 


37 


0.39 


1.56 


18 


1.56 


0.78 


38 


0.78 


1.56 




0.78 


0.39 


39 


3.13 


3.13 


20 


0.78 


0.20 


40 




0.39 



TABLE 2 



Ex. No. 


Anti-Candida 
Activity (|i,g/mL) 


Anti-Aspergillus 
Activity (ixg/mL) 


Ex. No. 


Anti-Candida 
Activity (M-g/mL) 


Anti-Aspergillus 
Activity (M-g/ml) 


41 


0.39 


0.20 


61 


0.20 


0.39 


42 


0.78 


1.56 


62 


0.20 


0.20 


43 


0.20 


0.39 


63 


0.78 


0.78 


44 


1.56 


1.56 


64 


0.20 


0.78 


45 




0.20 


65 




0.78 


46 


0.05 


0.20 


66 


0.10 


0.78 


47 


0.20 


0.39 


67 


1.56 


0.78 


48 




0.20 


68 


0.10 




49 


0.05 


0.39 


69 


0.10 


0.20 


50 


0.78 


1.56 


70 


1.56 


0.39 


51 


0.10 


0.39 


71 


0.20 
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(continued) 



Ex. No. 


Anti-Candida 
Activity (|xg/mL) 


Anti-Aspergillus 
Activity ((xg/mL) 


Ex. No. 


Anti-Candida 
Activity (|xg/mL) 


Anti-Aspergillus 
Activity (|xg/ml) 


52 




0.39 


72 


6.25 


12.5 


53 


0.20 


0.20 


73 


0.10 




54 


0.10 


0.39 


74 


0.10 


0.20 


55 


0.05 


0.10 


75 


0.78 


0.20 


56 


1.56 


>25 


76 


1.56 


1.56 


57 


0.05 


0.20 


77 


0.20 




58 


0.78 


0.10 


78 


0.78 


1.56 


59 


0.39 


0.39 


79 


1.56 


6.25 


60 


0.20 


1.56 


80 


0.20 


0.78 



TABLE 3 



Ex. No. 


Anti-Candida 
Activity (|ig/mL) 


Anti-Aspergillus 
Activity (|xg/mL) 


Ex. No. 


Anti-Candida 
Activity (|xg/mL) 


Anti-Aspergillus 
Activity (^g/mL) 


81 


0.20 


0.39 


101 


1.56 


1.56 


82 


0.20 


0.39 


102 


0.20 


0.39 


83 


0.20 


0.20 


103 


1.56 


0.78 


84 


3.13 


>25 


104 


0.78 


0.78 


85 


1.56 


3.13 


105 


0.20 


0.20 


86 


0.05 


0.20 


106 


0.78 


0.20 


87 


0.20 


0.78 


107 


0.78 


0.78 


88 


0.20 


0.20 


108 


1.56 


3.13 




0.39 


0.20 


109 


0.39 


0.78 


90 


1.56 




110 


0.78 


0.78 


91 


0.20 


0.10 




0.39 


0.78 


92 




0.39 


112 


0.78 


0.39 


93 


0.20 


1.56 


113 


0.10 


0.20 


94 


0.78 


0.39 


114 


6.25 


6.25 


95 




1.56 


115 


0.10 


0.20 


96 


3.13 


0.78 


116 


0.78 


0.20 


97 


0.39 


0.20 


117 


1.56 


0.78 


98 


0.39 




118 


0.78 


3.13 


99 


3.13 


0.78 


119 


0.39 


0.78 


100 


3.13 


6.25 


120 


0.39 


0.20 
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TABLE 4 



Ex. No. 


Anti-Candida 
Activity (|xg/mL) 


Anti-Aspergillus 
Activity (|xg/mL) 


Ex. No. 


Anti-Candida 
Activity (ng/mL) 


Anti-Aspergillus 
Activity (ixg/mL) 


121 


0.39 


0.78 


141 


0.39 


0.20 


122 


1.56 


0.78 


142 


0.39 


0.39 


123 


0.20 


0.39 


143 


0.39 


0.78 


124 


0.20 


0.39 


144 


0.39 


0.20 


125 


0.10 


0.39 


145 


6.25 


12.5 


126 


1.56 


0.39 


146 


6.25 


>25 


127 


0.78 


1.56 


147 


1.56 


1.56 


128 


0.20 


0.39 


148 


0.20 


0.20 


129 


0.20 


0.20 


149 


6.25 


1.56 


130 


1.56 


0.20 


150 


0.39 


0.78 


131 


0.20 


0.20 


151 


0.78 


0.39 


132 


3.13 


3.13 


152 


0.78 


0.39 


133 


0.20 


0.39 


153 


1.56 


0.39 


134 


0.39 


0.78 


154 


0.78 


1.56 


135 


0.78 


0.39 


155 


0.10 


0.10 


136 


0.20 


0.20 


156 


0.20 


0.20 


137 


0.78 


1.56 


157 


3.13 


0.78 


138 


0.78 


0.78 


158 


1.56 


3.13 


139 


1.56 


>25 


159 


0.78 


3.13 


140 


0.20 


0.78 


160 


0.39 


0.78 
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TABLE 5 



Ex. No. 


Anti-Candida 
Activity (ixg/mL) 


Anti-Aspergillus 
Activity (ixg/mL) 


Ex. No. 


Anti-Candida 
Activity (ixg/mL) 


Anti-Aspergillus 
Activity (ixg/mL) 


161 


0.39 


0.39 


181 


1.56 


0.39 


162 


0.78 


0.39 


182 


>25 


0.20 


163 


3.13 


1.56 


183 


0.20 


0.78 


164 


6.25 


6.25 


184 


>25 


0.39 


165 


0.78 


1.56 


185 


0.78 


0.78 


166 


0.39 


0.78 


186 


3.13 


0.78 


167 


1.56 


0.78 


187 


1.56 


0.78 


168 


0.78 


0.78 


188 


1.56 


0.78 


169 


0.39 


0.39 


189 


0.05 


0.20 


170 


0.78 


0.39 


190 


0.78 


0.78 


171 


0.20 


0.39 


191 


0.20 


0.39 


172 


6.25 


12.5 


192 


0.39 


1.56 


173 


1.56 


0.78 


193 


0.78 


0.78 
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(continued) 



Ex. No. 


Anti-Candida 
Activity (|xg/mL) 


Anti-Aspergillus 
Activity (|xg/mL) 


Ex. No. 


Anti-Candida 
Activity (ng/mL) 


Anti-Aspergillus 
Activity (ixg/mL) 


174 


6.25 


1.56 


194 


1.56 


3.13 


175 


0.78 


1.56 


195 




0.78 


176 


0.20 


0.20 


196 


6.25 


6.25 


177 


0.39 


0.78 


197 


3.13 


1.56 


178 


0.39 


0.20 


198 


0.78 


1.56 


179 


0.78 




199 


3.13 


6.25 


180 


0.39 


1.56 


200 


3.13 


3.13 
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TABLE 6 



Ex. No. 


Anti-Candida 
Activity (ixg/mL) 


Anti-Aspergillus 
Activity (ixg/mL) 


Ex. No. 


Anti-Candida 
Activity (ixg/mL) 


Anti-Aspergillus 
Activity (ng/mL) 


201 


0.78 




215 




0.78 


202 


0.05 


0.20 


216 


0.39 


0.39 


203 


0.20 


1.56 


217 


0.10 


0.20 


204 


0.20 




218 


0.20 


0.10 


205 




0.78 


219 


3.13 


3.13 


206 


0.10 


0.39 


220 


6.25 


6.25 


207 


25 


6.25 


221 


1.56 


0.39 


208 


6.25 


0.78 


222 


0.39 


0.39 


209 


0.20 




223 


0.39 


0.39 


210 


0.10 


0.20 


224 


0.39 


0.20 


211 


0.39 


0.39 


225 


0.78 


3.13 


212 


0.78 


0.78 


226 


0.39 


0.39 


213 


6.25 


1.56 


227 


1.56 


1.56 


214 


0.39 


0.39 


228 


0.78 


0.78 



2. Experimental systemic candidal infection model in mice 

(1) Preparation of fungal inoculant 

45 

[1687] A standing culture of C. albicans E81022 strain was carried out for 48 hours at 30°C in sabouraud dextrose 
agar medium (SDA), the recovered fungal cells were suspended in sterilized physiological saline. By counting the fungal 
number on cytometry plate, the suspension was diluted to 2 x 1 0 7 cells / mL with sterilized physiological saline to serve 
fungal inoculum. 

50 

(2) Infection 



[1688] The fungal inoculum was used in the amounts of 0.2 mL to inoculate 4.5 to 5.5 week-old female ICR mice in 
the tail vein (4 x 1 0 6 cells/mouse). 

55 
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(3) Treatment 

[1689] From 0.5 to 1 hour after fungal inoculation, 0.2 mL of agent solution (dissolved or suspended in sterilized 
physiological saline containing 6.5% dimethyl sulfoxide and 3.5% Tween 80) was administered into the stomach using 
5 a peroral probe, 3 times every 4 hours. The agent concentration was 2.5 mg/kg or 1 0 mg/kg, and the number of animals 
in one group was 5 animals. 

(4) Determination of effects 

10 [1690] The protective effect was determined by observing life/death until 14 days after infection and calculating the 
mean survival days. 

[1691] As a result, as shown in Tables 7 and 8, mice administered with the compounds of the present invention survived 
for a long time as compared to the untreated group, and the compounds according to the present invention have been 
also found to demonstrate anti-Candida activity in vivo. 

15 



TABLE 7 



Example Nos. 


Mean Survival Days 


Non-Adminstered Group (control) 


2.5mg/kg 


10mg/kg 


1 


4.0 


12.2 


14.0 


2 


4.0 


13.2 


14.0 


9 


3.4 


12.8 


14.0 


11 


2.6 


8.2 


13.6 


12 


2.6 


10.8 


14.0 


13 


6.0 


13.8 


14.0 


14 










2.6 


10.8 


12.6 


16 


4.0 


4.8 


12.8 


17 


4.0 


8.2 


13.0 


24 


2.6 


7.4 


14.0 


25 


2.6 


12.2 




27 


2.6 


3.0 


10.0 


29 


3.2 




11.4 


30 


6.0 


13.0 




31 


6.0 




13.0 


32 


6.0 


10.2 


12.2 


33 


6.0 


2.4 


8.4 


36 


6.0 


9.4 


14.0 


37 


6.0 


5.4 


14.0 


38 


6.0 


4.8 


10.0 


40 


4.0 


11.6 


14.0 


41 


4.0 


11.4 


11.8 
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TABLE 8 



Example Nos. 


Mean Survival Days 


Non-Adminstered Group (control) 


2.5mg/kg 


10mg/kg 


43 


3.2 


10.6 


14.0 


45 


3.2 


10.6 


10.8 


51 


4.0 


13.5 


14.0 


52 


4.0 


10.6 


13.4 


54 


2.8 


13.0 


13.6 


55 


2.8 




14.0 


58 


2.8 


3.8 


12.0 


62 


1.4 


10.2 




73 






126 


102 


3.2 


13.2 


13.0 


104 


3.2 


8.2 


13.2 


105 


3.2 


5.4 


12.8 


109 


2.8 


11.0 


11.8 


110 


2.8 


12.0 






2.8 


13.6 




112 


4.0 




12.2 


113 


2.8 


13.0 


14.0 


115 


2.8 


10.8 


13.2 


116 


2.8 


4.6 


12.6 


120 


2.8 


3.2 


13.4 


131 




12.6 




133 


2.2 


7.0 


13.4 


135 


2.2 


11.0 


13.4 


151 


2.4 


7.0 


14.0 


155 


2.4 


10.4 


13.0 


166 


2.8 


3.4 


12.4 


171 


2.8 


8.4 


12.6 


176 


4.2 


12.6 


13.4 


192 


1.0 


3.2 


9.4 


202 


1.0 


2.4 


10.0 



Industrial Applicability 

[1692] According to the present invention, the compound (I) of the present invention or a salt thereof 1) acts against 
the onset, development and persistence of infections by inhibiting fungal GPI biosynthesis, thereby inhibiting expression 
of cell wall proteins and blocking cell wall assembly while preventing the fungus from attaching to cells so that the 
pathogen cannot become pathogenic, and 2) is superior in terms of physical properties, safety and metabolic stability, 
and is extremely useful as a preventive or therapeutic agent for fungal infections. 
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Claims 

1. A compound represented by the following formula (I), or a salt thereof: 




wherein R 1 represents a hydrogen atom, a halogen atom, an amino group, R 11 -NH-(wherein R 11 represents a 
C|_ 6 alkyl group, a hydroxy C|_ 6 alkyl group, a C,_ 6 alkoxy C|. 6 alkyl group, or a C^g alkoxycarbonyl C|_ 6 alkyl 
group), R 12 -(CO)-NH-(wherein R 12 represents a C^g alkyl group or a C^g alkoxy C^g alkyl group), a C^g alkyl 
group, a hydroxy C-,_ 6 alkyl group, a cyano C^g alkyl group, a C^g alkoxy group or a C^g alkoxy C-,_ 6 alkyl group; 
R 2 represents a hydrogen atom, a C^_ 6 alkyl group, an amino group or a di C^g alkylamino group; 
one of X and Y is a nitrogen atom while the other is a nitrogen atom or an oxygen atom; 
ring A represents a 5- or 6-member heteroaryl ring or a benzene ring which may have 1 or 2 halogen atoms, 
or 1 or 2 C-,_ 6 alkyl groups; 

Z represents a single bond, a methylene group, an ethylene group, an oxygen atom, a sulfur atom, -CH 2 0-, 
-OCH 2 -, -NH-, -CH 2 NH-, -NHCH 2 -, -CH 2 S-, or-SCH 2 -; 

R 3 represents a hydrogen atom, a halogen atom, a C,. 6 alkyl group, a C 3 . 8 cycloalkyl group, a C 6 . 10 aryl group, 
a 5- or 6-member heteroaryl group, or 5- or 6-member non-aromatic heterocyclic group which may have 1 or 
2 substituents selected from substituent group a : and 
[substituent group a] 

substituent group a represents the group consisting of a halogen atom, a cyano group, a C|. 6 alkyl group, a 
C^g alkoxy group, a C^g alkoxycarbonyl group, a C 3 . 8 cycloalkyl group, a C 2 . 6 alkenyl group and a C 2 . 6 alkynyl 
group 

R 4 represents a hydrogen atom or a halogen atom; 

excluding compounds where all of R 1 , R 2 , and R 4 represent the hydrogen atom at the same time when Z 
represents the signle bond or R 3 represents the hydrogen atom. 

2. The compound according to Claim 1 or the salt thereof, wherein a partial structure represented by formula (II): 




(I l) 



in the compound represented by the formula (I): 




is a partial structure selected from the group consisting of: 



327 



EP 1 944 303 A1 




The compound according to Claim 1 or the salt thereof, wherein one of X and Y is a nitrogen atom and the other is 
an oxygen atom. 

The compound according to Claim 3 or the salt thereof, wherein a partial structure represented by the formula (II): 




(T I ) 



in the compound represented by the formula (I): 




is a partial structure represented by the following formula (III): 




or a partial structure represented by the following formula (IV): 




The compound according to Claim 1 or the salt thereof, wherein X and Y are both nitrogen atoms. 
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6. The compound according to Claim 5 or the salt thereof, wherein a partial structure represented by the formula (II): 




in the compound represented by the formula (1 ): 




is a partial structure represented by the following formula (V): 




or a partial structure represented by the following formula (VI): 




7. The compound according to any one of Claims 1 to 6 or the salt thereof, wherein R 2 represents an amino group. 

8. The compound according to Claim 7 or the salt thereof, wherein R 1 represents a hydrogen atom, an amino group 
or a C|_ 6 alkoxy C|_ 6 alkyl group. 

9. The compound according to any one of Claims 1 to 6 or the salt thereof, wherein R 1 represents an amino group 
and R 2 represents a hydrogen atom. 

10. The compound according to any one of Claims 1 to 9 or the salt thereof, wherein the ring A represents a pyridine 
ring, a benzene ring, a furan ring, a thiophene ring or a pyrrole ring. 

1 1 . The compound according to Claim 1 0 or a salt thereof, wherein ring A represents a pyridine ring or a benzene ring. 

12. The compound according to any one of Claims 1 to 11 or the salt thereof, wherein Z represents an oxygen atom, 
-CH 2 0 or -OCH 2 -. 

13. A pharmaceutical composition comprising the compound according to any one of Claims 1 to 12 or the salt thereof. 
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1 4. A medicament comprising the compound according to any one of Claims 1 to 1 2 or the salt thereof. 

15. An antifungal agent comprising the compound according to any one of Claims 1 to 12 or the salt thereof, as an 
active ingredient. 

16. A method for preventing and/or treating a fungal infection comprising administering a pharmacologically effective 
dose of the compound according to any one of Claims 1 to 12 or the salt thereof. 

1 7. A use of the compound according to any one of Claims 1 to 1 2 or the salt thereof for manufacturing an antifungal agent. 
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